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A MORPHOMETRIC ANALYSIS OF DWARF MISTLETOES IN THE 
ARCEUTHOBIUM CAMPYLOPODUM -OCCIDENTALE COMPLEX (VISCACEAE) 

Robert L. Mathiasen 

School of Forestry, Northern Arizona University, Flagstaff, AZ 86011 
Robert.Mathiasen@nau.edu 

Shawn C. Kenaley 

Boyce Thompson Institute for Plant Research, Cornell University, Ithaca, NY 14853 

Abstract 

The classification of the dwarf mistletoes comprising the Arceuthobium campylopodum-occidentale 
complex continues to be one of the most difficult taxonomic problems associated with this important 
group of parasitic flowering plants. The complex consists of four taxa: A. campylopodum Engelmann, 
A. occidentale Engelmann, A. littorum Hawksworth, Wiens & Nickrent, and A. siskiyouense 
Hawksworth, Wiens & Nickrent; all of which are morphologically similar, flower and disperse seed in 
the fail, and parasitize hard pines. We collected morphological measurements for these four taxa from 
throughout their geographic ranges and used non-parametric and multivariate statistical analyses to 
compare morphological differences among them. Our analyses demonstrated that male plants of A. 
littorum and A. siskiyouense can be delimited morphologically; therefore, we recommend that both 
taxa continue to be recognized as species. Although, our results indicated that A. occidentale is very 
similar morphologically to A. campylopodum, it can be distinguished from the latter species using 
morphological characters, particularly for female plants. Furthermore, because A. occidentcde flowers 
and disperses seed nearly one month later than A. campylopodum, we recommend it continue to be 
treated at the species level pending additional study. Comparative morphological and phenological 
differences between and among the species studied herein are summarized and can be used for field/ 
laboratory diagnosis of these taxa. 

Key Words; dwarf mistletoes, morphological characters, multivariate analyses, Pinus attenuata, Pinus 
jeffreyi, Pinus muricata, Pinus ponderosa, Pinus sabiniana. 

Dwarf mistletoes {Arceuthobium spp., Visca- 
ceae) are obligate, parasitic flowering plants that 
are considered to be a taxonomically difficult 
genus. Because of their parasitic habit they have 
undergone extreme morphological reduction, 
which has resulted in many taxa being morpho¬ 
logically similar (Gill 1935, Hawksworth and 
Wiens 1996). Dwarf mistletoes are dioecious 
plants and sexual dimorphism between the sexes 
is pronounced for some species and less so for 
others (Hawksworth and Wiens 1972, 1996). 
Because there are often morphological differences 
between male and female plants, taxonomic 
descriptions often include morphological data 
for each sex. Furthermore, because the dwarf 
mistletoes are obligate parasites of many eco¬ 
nomically important members of the Pinaceae in 
the western United States, Canada, and Mexico 
and are relatively host specific parasites, their 
host affinities are considered to be an important 
consideration for their taxonomic classification 
(Hawksworth and Wiens 1972, 1996; Mathiasen 
and Daugherty 2007, 2009a, b, 2013). 

The classification of the dwarf mistletoes 
closely allied with Arceuthobium campylopodum 
Engelmann has continued to be one of the most 
difficult taxonomic problems associated with this 
important group of parasitic flowering plants 
(Hawksworth and Wiens 1972, 1996; Nickrent et 

al. 2004). These dwarf mistletoes parasitize 
closely related hard pines (Pinaceae) in Pinus 
subsect. Attenuatae Burgh, Pinus subsect. Pon- 
derosae Loudon, and Pinus subsect, Sabinianae 
Loudon (Hawksworth and Wiens 1996; Price et 
al. 1998). However, the susceptibility of affected 
pines varies considerably depending on the 
population(s) of dwarf mistletoes parasitizing 
them (Hawksworth and Wiens 1996). In addition, 
these dwarf mistletoes are morphologically sim¬ 
ilar, flower and disperse seed in the fall, and are 
sometimes sympatric. 

Engelmann first described Arceuthobium cam¬ 
pylopodum in 1850 based on a specimen collected 
on ponderosa pine {Pinus ponderosa Douglas ex 
Lawson & C. Lawson), likely from northeastern 
Washington (Gray 1850; Gill 1935; Hawksworth 
and Wiens 1996). Then in 1878, Engelmann 
described A. occidentale Engelmann, a species 
very similar to A. campylopodum, based on a 
specimen collected on gray pine {Pinus sabiniana 
Douglas ex D. Don) in the southern Sierra 
Nevada Mountains, California (Kern County) 
(Wheeler 1878). In their first monograph of 
Arceuthobium, Hawksworth and Wiens (1972) 
recognized A. occidentale as a valid species and 
listed its principal hosts as gray pine, Monterey 
pine {P. radiata D. Don), and Bishop pine {P. 
muricata D. Don). They maintained that A. 
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occidentale could be differentiated readily from 
A. campylopodum based on phenology, morphol¬ 
ogy, geographic distribution, and host preference 
(Hawksworth and Wiens 1972, see pp. 112-114). 
They also concluded that A. campylopodum was a 
principal parasite of ponderosa pine and Jeffrey 
pine {P. jeffreyi Greville & Balfour) and only 
occasionally parasitized gray pine. 

Following additional studies of the dwarf 
mistletoe populations parasitizing knobcone pine 
{P. attenuata Lemmon) in northern California 
and southwestern Oregon, Hawksworth et al. 
(1992) described A. siskiyouense Hawksworth, 
Wiens & Nickrent as a separate species from A. 
campylopodum based on host range, morphology, 
phenology, and other physiological discontinu¬ 
ities. They also segregated A. Uttorum Hawks¬ 
worth, Wiens & Nickrent from A. occidentale, 
basing their classification of A. Uttorum on 
similar criteria used to separate A. siskiyouense 
from A. campylopodum. The delineation of A. 
siskiyouense from A. campylopodum and A. 
Uttorum from A. occidentale was also supported 
by electrophoretic analyses of several isozymes 
(Nickrent and Butler 1990, 1991). Therefore, in 
the most recent monograph for Arceuthobium 
worldwide, Hawksworth and Wiens (1996) main¬ 
tained the classification of what they termed the 
Arceuthobium campylopodum-occidentale com¬ 
plex as four distinct species: 1) A. campylopodum, 
which was primarily a parasite of ponderosa and 
Jeffrey pines distributed from northern Washing¬ 
ton to Baja California, Mexico; 2) A. occidentale, 
which was primarily a parasite of gray pine in the 
foothills surrounding the Central Valley, Califor¬ 
nia; 3) A. Uttorum, which was a parasite of 
Monterey and Bishop pines in coastal California; 
and, 4) A. siskiyouense, which was primarily a 
parasite of knobcone pine in northern California 
and southwestern Oregon. 

Although Hawksworth and Wiens (1996), as 
well as Hawksworth et al. (2002), indicated that 
the morphological and physiological differences 
between the taxa in the Arceuthobium campylo- 
podiim-occidentale complex clearly supported 
their classification as species, molecular phyloge¬ 
netic analyses using nuclear ribosomal internal 
transcribed spacer (ITS) and chloroplast trn T-L- 
F sequences have suggested these species may 
be conspecific (Nickrent et al. 2004). Nickrent 
(2012) subsequently recombined A. occidentale, 
A. Uttorum, and A. siskiyouense as subspecies of 
A. campylopodum because of their overlapping 
host ranges, similar ITS and chloroplast DNA 
sequences, and morphological similarities. How¬ 
ever, Mathiasen and Daugherty (2009a) com¬ 
pared additional morphological data collected for 
A. siskiyouense and compared their results with 
the data for A. campylopodum reported in 
Hawksworth and Wiens (1996). They concluded 
that A. siskiyouense should not be treated as a 

subspecies of A. campylopodum as was later 
proposed by Nickrent (2012). Likewise, Mathia¬ 
sen and Daugherty (2013) reported additional 
morphological measurements for A. occidentale 
and A. Uttorum and concluded that the morpho¬ 
logical differences between these taxa also sup¬ 
ported their classification as distinct species. 

Although the morphological data presented 
here for Arceuthobium siskiyouense, A. Uttorum, 
and A. occidentale have been previously reported 
(Mathiasen and Daugherty 2009a, 2013), addi¬ 
tional morphological data was needed for A. 
campylopodum before all four species could be 
compared using the same morphometric analysis. 
Because a detailed analysis comparing these four 
species using both non-parametric univariate and 
multivariate statistical techniques had not been 
completed, we undertook this study. This more 
robust statistical examination of morphological 
characters for the A. campylopodum-occidentale 
complex has been recommended (Nickrent et al. 
2004; Mathiasen and Daugherty 2009a; Nickrent 
2012) . Furthermore, the need for a detailed 
morphometric analysis of this complex was 
justified because of the recent treatment by J. 
Kuijt (Baldwin et al. 2012) in which A. sis¬ 
kiyouense, A. Uttorum, and A. occidentale were 
circumscribed under A. campylopodum. Because 
this highly conservative treatment of the A. 
campylopodum-occidentale complex appears to 
ignore the morphological and host range differ¬ 
ences reported in the scientific literature cited 
above, a more stringent morphometric analysis of 
the complex was clearly needed. 

Methods i 

Sampling and Measurements ’ 

Previously, the senior author collected mor- | 
phological data for Arceuthobium siskiyouense ' 

from its pine hosts (Pinus attenuata, P. jeffreyi, . 

and P. contorta Douglas ex Loudon) for 15 ' 
populations in northwestern California and , 
southwestern Oregon (Fig. 1) (Mathiasen and 
Daugherty 2009a). In addition, the senior author 
sampled eight populations of A. Uttorum along 
the Pacific Coast of California and 28 popula- i 
tions of A. occidentale throughout most of its 
distribution (Fig. 2) (Mathiasen and Daugherty ! 
2013) . Morphological measurements were made ' 
from plants of A. Uttorum from five and three i 
locations where it parasitized Bishop and Mon¬ 
terey pine, respectively. All of the morphological 
measurements made for A. occidentale were from 
locations where it parasitized gray pine. From 
August 2009 to September 2012, we sampled 60 ' 
populations of A. campylopodum throughout 
most of its geographic range specifically for this 
study. This sample consisted of 30 populations on 
ponderosa pine and 30 populations on Jeffrey 
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Fig. 1. Approximate location of collection sites in California and Oregon for A. siskiyouense (modified from 
Mathiasen and Daugherty 2009). Collections by R. L. Mathiasen (RLM); vouchers deposited at the Deaver 
Herbarium, Northern Arizona University, Flagstaff (ASC) or the University of Arizona Herbarium, Tucson 
(ARIZ). Numbers correspond to the following locations: 1 ~ Chrome Ridge, RLM 9877, ARIZ; 2 ■=■ Lookout Gap, 
RLM 0528, ASC; 3 - Rock Creek on Oregon Mountain Road, RLM 0859, ARIZ; 4 - Type locality for A. 
siskiyouense on Oregon Mountain Road, RLM 0863, ARIZ; 5-3 km southwest of Bain Station, RLM 9849, ASC ; 
6 - Bain Station, RLM 9848, ASC; 7 - Oregon Mountain, RLM 9843, ASC; 8 - Smith River Bridge, RLM 0510, 
ASC; 9 - High Divide, RLM 0504, ASC; 10 - Pine Flat Mountain, RLM 0513, ASC; 11 - Old Gasquet Toll Road, 
near Danger Point, RLM 0521, ASC; 12 - Old Gasquet Toll Road near Elevenmile Creek, RLM 9868, ASC; 13 - 
Old Gasquet Toll Road near Twelvemile Creek, RLM 0523, ASC; 14 - Bear Gulch, RLM 9886, ASC; 15-5 km 
north of Black Butte, RLM 9882, ASC. 

pine (Fig. 3). Voucher specimens consisting of the 
mistletoe with host material were deposited at the 
Deaver Herbarium, Northern Arizona Universi¬ 
ty, Flagstaff (ASC), or the University of Arizona 
Herbarium, Tucson (ARIZ). Voucher informa¬ 
tion and specific population data, including GPS 
coordinates, have been archived electronically in 
the Southwest Environmental Information Net¬ 
work (SEINet 2014). Detailed voucher data and a 
map for each collection location can be retrieved 
with SEINet using the collection number and 
herbarium listed for each location in Figures 1-3. 

For each mistletoe population, 10-20 male and 
10-20 female infections were collected separately 

and the dominant plant (largest plant) from each 
infection was used for morphological measure¬ 
ments. The dwarf mistletoe plant characters 
measured were those used by Hawksworth and 
Wiens (1996) for the taxonomic classification of 
Arceuthobium taxa. The following morphological 
characters were measured: 1) height, basal 
diameter, third internode length and width, and 
color of male and female plants; 2) mature fruit 
length, width, and color; 3) seed length, width 
and color; 4) length and width of staminate 
spikes; 5) staminate flower diameters for 3- and 
4-merous flowers (5-merous for A. littorum)\ 
6) length and width of staminate flower petals; 
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Fig. 2. Approximate location of collection sites for Arceuthobium occidentale and A. littorum in California from 
Mathiasen and Daugherty (2013). Dark circles represent locations where A. occidentale was collected and measured 
on Pinus sahiniana. Open circles represent locations where A. littorum was collected and measured on Pinus radiata 
(MP). Open triangles represent locations where A. littorum was collected and measured on Pinus muricata (BP). 
Collections by R. L. Mathiasen (RLM); vouchers deposited at the University of Arizona Herbarium, Tucson 
(ARIZ). Numbers correspond to the following locations: 1- 2 km S of St. Rte. 299 on Burnt Ranch School rd., 
RLM 1281, ARIZ; 2 - Beegum Creek on St. Rte. 36, RLM 1229, ARIZ; 3 - 1 km S of St. Rte. 299 on Carr 
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and 7) anther diameter and anther distance from 
the petal tip. 

Plants were usually measured within 12-h, but 
no later than 24-h after collection. Only plants 
that were still attached to their host’s branch and 
were fully turgid were measured. Measurements 
were made using a digital caliper (Mitutoyo 
America Corp,, Aurora, IL) and a 7X hand lens 
equipped with a micrometer (Bausch & Lomb, 
Bridgewater, NJ). The basal diameter of plants 
was measured at the point where the plant was 
attached to the host branch. The width and 
length of the third internode above the base of 
plants was included in our morphological anal¬ 
yses because these characters have been frequent¬ 
ly reported for dwarf mistletoes and provide 
information on the relative size and thickness of 
male and female plants (Hawksworth and Wiens 
1972, 1996; Mathiasen and Daugherty 2007, 
2009a, b, 2013). The length of the third internode 
was determined by measuring from the top of the 
second internode above the base of a plant to the 
top of the third internode, locations which are 
easily observed (see Fig. 2.1, 2.3, and 2.9 in 
Hawksworth and Wiens 1996). The width of the 
third internode was measured at its midpoint. 
Staminate spike and flower measurements were 
made during the peak of anthesis and fruit and 
seed measurements were made during the peak of 
seed dispersal. Sample sizes for most morpholog¬ 
ical characters measured varied among the four 
species sampled because of the number of 
populations (8-60 populations) sampled and 
plants or plant parts measured per population 
(10-20 per population) also varied. 

Statistical Analyses 

We assessed whether values for morphological 
characters differed between and among species 
using Welch’s t tests to accommodate unequal 

sample sizes and variances (Zimmerman 2004), 
Character differences between species were fur¬ 
ther assessed using the non-parametric Steel- 
Dwass, multiple comparison post hoc test (a = 
0.05). Standard and forward-stepwise quadratic 
discriminant function analyses (DFA, otherwise 
known as canonical variate analyses [CVA]) were 
also performed separately to determine whether 
female or male plants of Arceuthobium campylo- 
podum, A. Uttorum, A. occidentale, and A. siskY 
youense can be delimited to species by the joint 
examination of morphological characters (Quinn 
and Keough 2002). Because sexual dimorphism 
has been reported for several species of Arceutho- 
bium (Hawksworth and Wiens 1996), male and 
female plants were examined separately. Discrim¬ 
inant function analyses classification compared 
actual species membership defined a priori via 
field diagnosis to predicted species memberships 
according to only female or male morphologies. 
Because previous molecular phylogenetic analy¬ 
ses failed to resolve these taxa to separate species 
(Nickrent et al. 2004), separate DFAs for female 
and male plants were performed using equal prior 
probabilities for each species (25%) rather than 
proportional to their occurrences in the data 
set(s). Standardized correlation coefficients for 
morphological characters were also calculated to 
assess the overall contribution of each character 
to the discriminant function, providing the 
principal morphologies separating the dwarf 
mistletoes. Likewise, stepwise DFA was utilized 
to systematically examine the smallest number of 
morphological characteristics, female or male, 
resulting in the highest precision in species 
classification (%, actual/predicted). To further 
validate the DFA, we separately resampled the 
original (complete) data set for female and male 
plants; selecting at random 50 complete records 
per species and re-executing the DFA using a full- 
model (i.e., all morphological characteristics 

Powerhouse rd., REM 1227, ARIZ; 4 - 29 km E. of Redding on St. Rte. 44 at Black Butte rd., REM 1226, ARIZ; 
5-14 km NE of St. Rte. 99 on St. Rte. 70, REM 1230, ARIZ; 6 - 0.5 km E of Colusa County line on St. Rte. 20, 
REM 1231, ARIZ; 7-3 km from St. Rte. 20 on County Rd. M-12, REM 1232, ARIZ; 8-3 km S of Covelo on St. 
Rte. 162, REM 1283, ARIZ; 9 - Entrance to Langtry Winery, REM 1239, ARIZ; 10 - Butts Canyon, REM 1238, 
ARIZ; 11-1 km S of Auburn on St. Rte. 49, REM 1240, ARIZ; 12 - Beales Pt. Campground on Folsom Lake, 
REM 1264, ARIZ; 13-4 km N of Placerville on St. Rte. 49, REM 1241, ARIZ; 14-6 km S of St. Rte. 16 on St. 
Rte. 124, REM 1243, ARIZ; 15 - Columbia Airport rd., REM 1245, ARIZ; 16-11 km S of Angels Camp on St. 
Rte. 4, REM 1244, ARIZ; 17 - N side of Roberts Memorial Bridge on St. Rte. 120, REM 1246, ARIZ; 18 - 0.2 km 
SW of Prather on Auberry Rd., REM 1251, ARIZ; 19-3 km N of entrance gate to Mount Diablo State Park, 
REM 1263, ARIZ; 20-19 km E of San Jose on Mount Hamilton rd., REM 1262, ARIZ; 21-5 km W of visitors 
center in Pinnacles Nat. Mon., REM 1261, ARIZ; 22-10 km E of Jolon on Nacimiento-Fergusson rd., REM 1258, 
ARIZ; 23 - 5 km SE of St. Rte. 58 on Pozo rd., REM 1302, ARIZ; 24 - 13 km E of Los Olivos on Figueroa Mt. rd., 
REM 1291, ARIZ; 25 - 13 km E of Glenville on St. Rte. 155, REM 1250, ARIZ; 26 - 3 km S of Kernville, REM 
1249, ARIZ; 27 - 1 km SW of St. Rte. 58 on Hart Flat rd., REM 1265, ARIZ; 28 - 1 km S of Lake Hughes on Lake 
Hughes rd., REM 1247, ARIZ; 29-1 km N of Cambria on Santa Rosa Cemetery rd,, REM 1257, ARIZ; 
30 - 0.5 km E of St. Rte. 1 on Fern Canyon rd., REM 1259, ARIZ; 31 - Pacific Grove, 0.5 km E of Stevenson Dr. 
on Forest Lake rd., REM 1260, ARIZ; 32-3 km NW of Inverness, Pt. Reyes Nat. Seashore, REM 1287, ARIZ; 
33 - 0.5 km E of St. Rte. 1 on Kruse-Rhododendron rd., REM 1236, ARIZ; 34-7 km E of Pt. Arena on Eureka 
Hill rd., REM 1235, ARIZ; 35 - 4 km E of Albion River on Little River rd., REM 1285, ARIZ; 36 - 4 km E of Fort 
Bragg on St. Rte 20, REM 1233, ARIZ. 
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Fig. 3. Approximate locations of collection site for Arceuthobium campylopodum. Closed circles present locations 
where plants were collected from Finns ponderosa. Open circles represent locations where plants were collected from 
P. jeffreyi. Collections by R. L. Mathiasen (RLM); vouchers deposited at the Deaver Herbarium, Northern 
Arizona University, Flagstaff (ASC) or the University of Arizona Herbarium, Tucson (ARIZ). Numbers 
correspond to the following locations: 1 - 4.5 km N of Gifford on St. Rte. 25, RLM 1202, ARIZ; 2-20 km S of 
Fruitland on St. Rte. 25, RLM 1204, ARIZ; 3 - 2 km NW of Nespelem on St. Rte. 155, RLM 1205, ARIZ; 
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simultaneously; and with equal prior probabili¬ 
ties). Non-parametric tests and DFAs were 
computed in JMP Pro 10 (SAS Institute, Cary, 

NC). 

Results 

The mean heights of female plants for all four 
taxa were similar, but female plants of A. 
siskiyouense were significantly smaller than the 
other species (Table 1, Appendix 1). Mean plant 
heights for male plants were also similar, but 
those of Arceuthobium littorum were significantly 
larger than A. campylopodum and A. siskiyouense', 
whereas, those of A. siskiyouense were signifi¬ 
cantly smaller than the other taxa. The mean for 
the basal diameters of male and female plants 
ranged from 3.0-3.9 mm across all four species. 
However, the mean diameters for female plants 
of A. occidentale and A. siskiyouense were 
significantly smaller compared to the other two 
species. The mean basal diameter of male plants 
of A. littorum was significantly larger when 
compared separately to the other three species, 
while the basal diameters of A. occidentale and A. 
siskiyouense were significantly smaller. The length 

of the third internodes of female plants for A. 
occidentale was significantly smaller than A. 
campylopodum, A. littorum, and A. siskiyouense 
(Table 1). However, for male plants, length of the 
third internode was largest and significantly 
greater for A. littorum when compared to the 
other species examined. Although the mean width 
of the third internode for male and female plants 
only varied from 2.0-2.7 mm, significant differ¬ 
ences were evident between and across species 
with male and female plants of A. littorum 
possessing the widest third internodes followed 
by male and female plants of A. campylopodum, 
A. occidentale, and A. siskiyouense, respectively. 
The mean width of the third internode and the 
mean basal diameter of plants was smaller for 
A. siskiyouense and A. occidentale than the other 
two species, thereby, indicating plants of the 
former species are consistently more slender in 
appearance than those of A. campylopodum or A. 
littorum. 

The staminate spikes of Arceuthobium littorum 
were significantly longer on average than any of 
the other three species, but staminate spikes of A. 
occidentcde were also significantly longer than 
those of A. campylopodum and A. siskiyouense. 

4 -2.3 km N of Coeur d’Alene on Fernan Lake rd. (Idaho), RLM 1195, ARIZ; 5-16 km S of Spokane on St. Rte. 
195, RLM 1194, ARIZ; 6 - 2.5 km W of St. Rte. 153 on Squaw Creek rd., RLM 1208, ARIZ; 7 - Lake Wenatchee 
on Chiwawa River Loop rd., RLM 1224, ARIZ; 8 - 2.6 km W of Squilchuck St. Park on road to Mission Ridge Ski 
Area, RLM 1209, ARIZ; 9 - 0.8 km W of St. Rte. 97 on St. Rte 970, RLM 1212, ARIZ; 10 - 17.6 km E of White 
Pass on St. Rte. 12, RLM 1219, ARIZ; 11 - 2 km N of Satus Pass on St. Rte. 97, RLM 1213, ARIZ; 12 - 3 km S of 
Trout Lake on St. Rte. 141, RLM 1217, ARIZ; 13 - 6.4 km W of Friend on forest rd. 27, RLM 1214, ARIZ; 14 - 
6.4 km S of .Joseph on E shore of Wallowa Lk., RLM 1191, ARIZ; 15 - 9.4 km on Sheep Cr. rd from forest rd. 51, 
Wallowa-Whitman Nat. For., RLM 1188, ARIZ; 16 - 1.8 km E of Ochoco Summit on St. Rte. 26, RLM 1178, 
ARIZ; 17- 12.2 km W of St. Rte. 97 on St. Rte. 138, RLM 1171, ARIZ; 18- 15.2 km S of Sisters on forest rd. 16, 
RLM 1175, ARIZ; 19-1 km from forest rd. 44 on forest rd. 4410, Pringle Falls Exp. For., RLM 1173, ARIZ; 20 - 
Fort Klamath Cemetery on St. Rte. 62, RLM 1126, ARIZ; 21-3 km W of Quartz Mtn. Pass on St. Rte. 140, RLM 
1127, ARIZ; 22 - Warner Mtn. Ski Hill on St. Rte. 26, RLM 1130, ARIZ; 23 - 3.4 km W of County rd. 48 on forest 
rd. 73, west shore of Goose Lk., RLM 1131, ARIZ; 24 - 16 km N of Adin on St. Rte. 299/139, RLM 1132, ARIZ; 
25-6 km S of Takilma on Greyback rd., RLM 1167, ARIZ; 26 - 1 km S of forest rd. 17N26 on forest rd. 17N11, 
Klamath Nat. For., RLM 1166, ARIZ; 27 - 6.2 km W of St. Rte. 96 on Dillon Mtn. rd., RLM 1165, ARIZ; 28 - 
9.6 km S of Callahan on St. Rte. 3, RLM 1121, ARIZ; 29 - 10 km E of St. Rte 3 on forest rd. 17, Shasta-Trinity 
Nat. For., RLM 1120, ARIZ ; 30 - 2.4 km W of Stewart Hot Springs on forest rd. 17, RLM 1160, ARIZ; 31-2 km 
N of St. Rte. 89 on Mt. Shasta Ski Park rd., RLM 1158, ARIZ; 32 - 0.1 km S of St. Rte. 299 on St. Rte. 89, RLM 
1157, ARIZ; 33 - 2 km S of Old Station on St. Rte. 44, RLM 1154, ARIZ; 34 - 2 km W of St. Rte. 44 on forest rd. 
101, RLM 1153, ARIZ; 35 - 14.4 km W of Susanville on St. Rte. 36, RLM 1032, ARIZ; 36 - 19.5 km N of Upper 
Lake on Pillsbury Lk. rd., RLM 0920, ARIZ; 37 - 7.7 km N of Pollock Pines on forest rd. 4, RLM 1242, ARIZ; 38 - 
at entrance to Sugar Pine State Park, west shore of Lk. Tahoe, RLM 1147, ARIZ; 39 - Bowers Mansion St. Park, 
near pool area (Nevada), RLM 1146, ARIZ; 40 - 1 km N of Markleeville on St. Rte. 89, RLM 1133, ARIZ; 41 - 
Silver Creek Campground on St. Rte. 4, RLM 1134, ARIZ; 42 - Column of the Giants on St. Rte. 108, RLM 1145, 
ARIZ; 43 - Pinecrest Transfer Station 0.5 km W of Pinecrest on St. Rte. 108, RLM 1143, ARIZ; 44 - 1 km W of 
Long Barn on St. Rte. 108, RLM 1142, ARIZ; 45 - 8.5 km E of Crane Flat on St. Rte. 120, RLM 1138, ARIZ; 46 - 
2 km W of Big Creek on rd. to Shaver Lk., RLM 0938, ASC; 47 - 4.1 km W of Ranger Station at Old Ski Tow 
Historic Site, Kyle Canyon (Nevada), RLM 1137, ARIZ; 48 - 8.5 km W of Sherman Pass on forest rd. 22S05, RLM 
1296, ARIZ; 49 - 2.2 km S of Troy Mdws. Campground, Sequoia Nat. For., RLM 1135, ARIZ; 50 - 5.8 km N of 
rd. to Johnsonville on Western Divide Highway, RLM 0985, ARIZ; 51 - Pine Flat, Sequoia Nat. For., RLM 0980, 
ARIZ; 52 - Tiger Flat, Sequoia Nat. For., RLM 0976, ARIZ; 53 - 6.2 km S of St. Rte. 33 on rd. to Mt. Reyes, RLM 
1292, ARIZ; 54 - 1.4 km W of Cloud Burst on St. Rte. 2, RLM 1304, ARIZ; 55 - 1 km W of Big Pines on St. Rte. 2, 
RLM 1305, ARIZ; 56 - 2.4 km N of Fawnskin on forest rd. 2N71, RLM 0986, ARIZ; 57 - 1.9 km from St. Rte. 38 
on rd. to Jenks Lk., RLM 0973, ARIZ; 58 - near Ranger Station in Idyllwild, RLM 0969, ARIZ; 59 - 1.1 km S of 
the S Fork San Jacinto River Bridge on St. Rte. 74, RLM 0967, ARIZ; 60 - 0.5 km S of Horse Heaven 
Campground on Sunrise Highway, RLM 1306, ARIZ. 
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Table 1. Morphological Measurements for Arceuthobium campylopodum, A. occidentale, A. 

LiTTORUM, AND A. SISKIYOUENSE. Data are listed as mean, (SD) [n]. Means are presented in bolded typeface, those 
followed by different capital letters in the same row were significantly different using Welch’s t tests and the 
nonparametric Steel-Dwass, multiple comparison post hoc test (a = 0.05). Lower case letters in brackets designate 
sample sizes already listed in the same column. Plant heights are in cm and all other measurements in mm. 

Character 
Arceuthobium 
campylopodum 

Arceuthobium 
occidentale 

Arceuthobium 
littorum 

Arceuthobium 
siskiyouense 

Plant Height 
Female 10.4 A (2.7) [600a] 10.6 A (3.0) [280a] 10.3 A (2.6) [100a] 9.1 B (1.9) [280a] 
Male 9.7 A (3.0) [a] 10.1 AB (2.9) [a] 10.5 B (3.0) [a] 8.2 C (1.8) [210b] 

Basal Diameter 
Female 3,4 A (0.7) [a] 3.2 B (0.6) [a] 3.9 C (0.9) [a] 3.0 D (0.6) [a] 
Male 3.2 A (0.6) [a] 3.0 B (0.7) [a] 3.5 C (0.7) [a] 3.1 B (0.5) [b] 

Length of Third Intemode 
Female 13.0 A (3.1) [a] 12.0 B (3.0) [a] 13.7 A (3.7) [a] 13.4 A (3.5) [a] 
Male 12.0 A (3.3) [a] 11.7 A (3.1) [a] 13.5 B (3.1) [a] 12.2 A (3.3) [b] 

Width of Third Internode 
Female 2.5 A (0.4) [a] 2.2 B (0.4) [a] 2.6 C (0.3) [a] 2.0 D (0.3) [a] 
Male 2.5 A (0.4) [a] 2.2 B (0.4) [a] 2.7 C (0.3) [a] 2.1 D (0.3) [b] 

Staminate Spike Length 12.7 A (4.7) [760b] 13.9 B (4.7) [200b] 20.6 C (10.5)[a] 11.8 A (2.9) [300c] 
Staminate Spike Width 3.0 A (0.3) [b] 2.9 B (0.3) [b] 3.4 C (0.4) [a] 2.0 D (0.2) [c] 
Flower Diameter 

3-merous 3.1 A (0.4) [400] 3.0 B (0.3) [185c] 3.5 C (0.6) [50] 3.2 A (0.3) [150d] 
4-merous 4.2 A (0.5) [360] 4.1 A (0.6) [c] 5.2 B (0.8) [135] 4.5 C (0.5) [d] 
5-merous None observed Only one 5-merous 

flower observed 
5.7 (0.5) [20] None observed 

Petal Length 1.6 A (0.2) [b] 1.5 B (0.2) [370d] 1.9 C (0.3) [205b] 1.5 B (0.2) [c] 
Petal Width 1.4 A (0.2) [b] 1.3 B (0.2) [d] 1.6 C (0.3) [b] 1.5 D (0.2) [c] 
Anther Diameter 0.6 A (0.1) [b] 0.6 A (0.1) [d] 0.9 B (0.2) [b] 0.8 B (0.2) [c] 
Anther Distance from Tip 0.6 A (0.1) [b] 0.6 A (0.1) [d] 0.9 B (0.2) [b] 0.8 C (0.1) [c] 
Fruit Length 5.4 A (0.5) [480d] 5.2 B (0.6) [220e] 5.4 A (0.5) [a] 5.2 B (0.6) [190d] 
Fruit Width 3.7 A (0.4) [d] 3.3 B (0.5) [e] 3.6 A (0.3) [a] 3.4 B (0.4) [e] 
Seed Length 3.5 A (0.4) [d] 3.5 A (0.3) [e] 3.4 A (0.3) [a] 3.1 B (0.4) [e] 
Seed Width 1.5 A (0.4) [d] 1.3 B (0.2) [e] 1.3 B (0.2) [a] 1.3 B (0.2) [e] 

Staminate spikes of A. littorum were often 
unbranched and were sometimes approximately 
six cm in length. Moreover, male plants of A. 
littorum emerging from infected branches occa¬ 
sionally did not branch and were almost five cm 
in height. The mean width of staminate spikes 
was also much larger for A. littorum and smallest 
for A. siskiyouense when all four species were 
compared simultaneously; the mean width of 
staminate spikes was significantly different across 
species (Table 1). 

The mean diameter of 3-merous flowers was 
much larger for Arceuthobium littorum and 
similar for the other three species (Table 1, 
Appendix 1). The mean diameter of 4-merous 
flowers was similar for A. campylopodum and A. 
occidentale, largest for A. littorum, and A. 
siskiyouense was intermediate among the other 
species. Petal lobe dimensions were similar across 
all four taxa, but the mean length of petal lobes 
was greatest for A. littorum (Table 1). Similarly, 
the mean width of petal lobes only varied by 0.1- 
0.3 mm between the species, but was significantly 
different. Mean anther diameter for A. littorum 
was significantly greater than A. campylopodum 

and A. occidentale, but not A. siskiyouense. 
Although smaller than A. littorum, the mean 
anther diameter of A. siskiyouense was also 
significantly greater than the anther diameters 
of A. campylopodum and A. occidentale. Howev¬ 
er, the mean anther diameters for the latter two 
taxa - A. campylopodum and A. occidentale — 
were identical. 

Mean fruit length only varied from 5.2-5.4 mm, 
but was significantly different for Arceuthobium 
littorum and A. campylopodum than A. occiden¬ 
tale (Table 1); mean seed width followed a similar 
pattern. The mean length of seeds was signifi¬ 
cantly less for A. siskiyouense and mean seed 
width greatest for A. campylopodum, but mean 
seed width was not significantly different among 
the four taxa. 

Plant color of A. littorum was dark green to 
dark greenish-brown and distinctly different from 
those of the other three species. Plants of 
Arceuthobium siskiyouense were dark brown to 
reddish-brown whereas those of A. occidentale 
consistently were yellow to yellow-green or straw 
in color and typically highly glaucous, giving 
them a bluish tinge. Plants of A. campylopodum 



2015] 

MATHIASEN AND KENALEY; MORPHOMETRICS OF 

ARCEUTHOBIUM CAMPYLOPODUM 9 

Table 2. Morphological Measurements for Arceuthobium campylopodum on Pinus ponderosa and 

P. JEFFREY!. Data are listed as mean, (SD) (range) [n]. Means are presented in bold typeface. No significant 
differences between means were found using Welch’s t tests and the nonparametric Steel-Dwass, multiple 
comparison post hoc test (a = 0.05). Lower case letters in brackets designate sample sizes already listed in the same 
column. Plant heights are in cm and all other measurements in mm. 

Character Pinus ponderosa Pinus jeffreyi 

Plant Height 
Female 10.5 (2.6) (4.6-22.3) [300a] 10.3 (2.8) (7.4-25.4)[300a] 
Male 9.7 (2.5) (3.6-19.5) [a] 9.7 (3.4) (3.9-21.6) [a] 

Basal Diameter 
Female 3.4 (0.7) (1.7-6.9) [a] 3.4 (0.7) (1.9-6.6) [a] 
Male 3.2 (0.6) (2.2-5.7) [a] 3.2 (0.7) (L8-6.8) [a] 

Length of Third Intemode 
Female 13.1 (2.5) (5.7-21.0) [a] 12.9 (3.6) (6.5-29.3) [a] 
Male 12.0 (3.2) (4.2-19.5) [a] 11.9 (3.4) (6.4-23.2) [a] 

Width of Third Internode 
Female 2.5 (0.3) (1.6-3.7) [a] 2.5 (0.4) (1.6-3.6) [a] 
Male 2.5 (0.3) (1.6-3.6) [a] 2.4 (0.4) (1.4-3.6) [a] 

Staminate Spike Length 12.4 (4.7) (4.3-36.1) [300b] 12.8 (4.7) (3.7M1.0) [500b] 
Staminate Spike Width 3.2 (0.2) (2.5-4.2) [b] 3.0 (0.2) (2.3-3.5) [b] 
Mean Flower Diameter 

3~merous 3.2 (0.4) (2.1M.0) [140] 3.1 (0.4) (2.2-4.5) [260] 
4-merous 4.3 (0.5) (3.1-5.6) [160] 4.1 (0.5) (3.0-5.3) [240] 

Petal Length 1.6 (0.2) (1.0-2.4) [b] 1.5 (0.2) (0.9-2.3) [b] 
Petal Width 1.4 (0.2) (0.8-2.0) [b] 1.4 (0.2) (0.7-2.1) [b] 
Anther Diameter 0.6 (0.1) (0.4-1.1) [b] 0.6 (0.1) (0.4-1.2) [b] 
Anther Distance from Tip 0.6 (0.1) (0.2-1.1) [b] 0.6 (0.1) (0.2-1.1) [b] 
Mean Fruit Length 5.4 (0.5) (4.0-7.2) [210d] 5.4 (0.5) (4.2-7.0) [290c] 
Mean Fruit Width 3.7 (0.5) (2.6-5.6) [d] 3.6 (0.4) (2.8M.9) [c] 
Seed Length 3.5 (0.4) (2.5M.7) [d] 3.4 (0.5) (2.3^.6) [c] 
Seed Width 1.5 (0.2) (1.1-2.0) [d] 1.5 (0.2) (1.0-2.0) [c] 

were yellow, yellow-brown, or olive green and, if 
glaucous, this was found primarily near the base 
of older plants. 

Comparing morphological measurements for 
male and female plants of Arceuthobium campy¬ 
lopodum collected from Pinus ponderosa and P. 
jeffreyi, we found no significant differences 
among any of the mean values calculated 
(Table 2). Although measurements for most of 
the morphological characters varied slightly 
between plants collected from the two hosts, the 
standard deviations for many of the characters 
we examined were similar. It is, however, 
noteworthy that we collected and measured 
female plants over 25 cm in height from P. 
jeffreyi in western Nevada (near Bowers Man¬ 
sion) and over 20 cm from P. ponderosa in 
northern California (near Pollock Pines) (Fig. 3: 
sites 39 and 37, respectively). 

The principal characteristics separating the 
four species are summarized in Table 3 and a 
key for identifying them in the field is provided 
below. 

Discriminant Function Analyses 

Means and associated 95% confidence inter¬ 
vals for morphological characters of female and 

male plants across predicted species according to 
full-model discriminant function analyses (DFA) 
are presented in Table 4. Discriminant function 
analyses of eight and 10 female and male 
morphological characters, respectively, demon¬ 
strated clear interspecific separation of Arceutho¬ 
bium littorum and A. siskiyouense as well as the 
latter two species from A. campylopodum and A. 
occidentale. For DFA of female plant morphol¬ 
ogy, results indicated significant differences 
existed among eight morphologically informative 
characters for A. campylopodum, A. littorum, A. occi¬ 
dentale, and A. siskiyouense (Wilks’ k = 0.3393, 
Approximant F24,2845.8 = 53.54, P < 0.0001; 
Pillai’s Trace = 0.88, Approximant F242949 = 
51.28, P < 0.0001); classifying 75.0% (744/992) of 
the specimens to the correct species. The first two 
canonicals (discriminant functions) explained 
86.3% of the total variation (Table 5; Fig. 4A) 
with A. littorum, A. occidentale, and A. sis¬ 
kiyouense correctly classified (predicted/actual) 
to species 99.0% (99/100), 72.7% (160/220), and 
80.0% (152/190) of the time, respectively. Stan¬ 
dardized correlation coefficients, indicating the 
relative importance of individual female morpho¬ 
logical characters in defining the discriminant 
functions (canonicals), are listed in Table 6. 
Width of the third internode, seed length and 
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Table 4. Quadratic Discriminant Function Analyses (DFA) of Male and Female Plants. 

Comparison of morphological characters (means) across predicted classification to species. Ninety-five percent 
confidence intervals (±) were computed for comparison of mean differences. 

Arceuthobium Arceuthobium Arceuthobium Arceuthobium 
Character(s) campylopodum occidentale liUorum siskiyouense 

Female 
Plant height (PH) 10.4 (±0.28) 10.4 (±0.37) 9.9 (±0.45) 9.0 (±0.22) 
Basal Diameter (BD) 3.5 (±0.07) 3.1 (±0.07) 3.8 (±0.16) 2.9 (±0.07) 
Length of Third Internode (LTI) 13.2 (±0.30) 11.7 (±0.33) 13.1 (±0.63) 13.1 (±0.42) 
Width of Third Internode (WTI) 2.5 (±0.03) 2.2 (±0.04) 2.5 (±0.06) 1.9 (±0.03) 
Fruit Length (FL) 5.5 (±0.05) 5.2 (±0.07) 5.4 (±0.09) 5.2 (±0.05) 
Fruit Width (FW) 3.7 (±0.04) 3.3 (±0.05) 3.6 (±0.06) 3.4 (±0.04) 
Seed Length (SL) 3.5 (±0.05) 3.5 (±0.04) 3.4 (±0.06) 3.1 (±0.06) 
Seed Width (SW) 1.5 (±0.02) 1.3 (±0.02) 1.3 (±0.03) 1.3 (±0.02) 

Male 
Plant height (PH) 9.9 (±0.29) 9.2 (±0.22) 10.4 (±0.59) 8.2 (±0.24) 
Basal Diameter (BD) 3.3 (±0.06) 2.9 (±0.05) 3.5 (±0.12) 3.1 (±0.06) 
Length of Third Internode (LTI) 12.2 (±0.31) 11.1 (±0.30) 13.3 (±0.57) 12.3 (±0.45) 
Width of Third Internode (WTI) 2.5 (±0.03) 2.2 (±0.04) 2.7 (±0.06) 2.1 (±0.03) 
Petal Length (PL) 1.6 (±0.02) 1.5 (±0.02) 1.9 (±0.06) 1.5 (±0.03) 
Petal Width (PW) 1.4 (±0.02) 1.2 (±0.02) 1.5 (±0.05) 1.4 (±0.03) 
Anther Diameter (AD) 0.6 (±0.01) 0.6 (±0.01) 0.9 (±0.04) 0.8 (±0.02) 
Anther Distance from Tip (ADT) 0.6 (±0.01) 0.5 (±0.01) 0.9 (±0.04) 0.7 (±0.02) 
Staminate Spike Length (SSL) 13.0 (±0.46) 13.4 (±0.54) 19.9 (±1.95) 11.6 (±0.38) 
Staminate Spike Width (SSW) 3.0 (±0.03) 2.9 (±0.03) 3.4 (±0.06) 2.0 (±0.03) 

width, and basal diameter were most strongly 
correlated with the first two canonicals and hence 
contributed most to defining species membership 
when only female plants were considered. In 
contrast, A. campylopodum was only classified 
correctly 69.1% (333/482) of the time, and was 
most often misclassified to A. occidentale (14.3%, 
69/482) followed by A. siskiyouense (12.7%, 61/ 
482) and, rarely, A. littorum (3.9%, 19/482; 
Table 7). Similarly, A. occidentale was classified 
incorrectly as A. campylopodum (11.8%, 26/220), 
A. siskiyouense (12.3%, 27/220), and, rarely, A. 
littorum (3.2%, 19/220), whereas, A. siskiyouense 
identified a priori was only misclassified to A. 
campylopodum (8.4%, 16/190) and A. occidentale 
(11.6%, 22/190). Using width of the third inter¬ 
node alone, female plants of A. siskiyouense were 
classified correctly (predicted/actual) 85.3% (162/ 
190) of the time; readily delineating A. sis¬ 
kiyouense from A. campylopodum, A. littorum. 

and A. occidentale (Table 7). Moreover, with the 
addition of morphological characters (predictor 
variables) such as seed width and length, basal 
diameter, fruit width, plant height, and length of 
the third internode - the seven most correlated 
characters - to the discriminant function (Ta¬ 
ble 7), the precision of classification and, hence, 
delineation of A. littorum improved to 98.0% 
while the correct classification of A. siskiyouense, 
A. occidentale, and A. campylopodum was 79%, 
73.2%, and 69.1%, respectively. Although female 
plants of A. campylopodum consistently were 
misclassified <38.0% of the time across the 
stepwise DFA analyses when 4-8 morphological 
characters were considered (Table 7), the multi¬ 
variate means of all four taxa did not intersect in 
ordination space when analyses were executed 
using all eight morphological characters (full- 
model) with either the complete or resampled data 
set (Fig. 4A and C). 

Table 5. Canonical Statistics: Quadratic Discriminant Function Analysis (DFA) for Female (n = 8 

Morphological Characters) and Male Plants (n = 10 Morphological Characters) of 

Arceuthobium CAMPYLOPODUM, A. LITTORUM, A. OCCIDENTALE AND A. SISKIYOUENSE. 

Canonical Eigenvalue Percent 
Cumulative 

Percent 
Canonical 

Correlation 
Likelihood 

Ratio Approximant F P~value 

Female 
1 0.71 52.89 52.89 0.65 0.34 F23, 2846 = 53.54 <0.0001 
2 0.45 33.43 86.32 0.56 0.58 Fi4, 1964 — 43.66 <0.0001 
3 0.19 13.69 100 0.4 0.84 F6. 983 = 30.27 <0.0001 

Male 
1 3.49 81.53 81.53 0.88 0.12 F30, 3221 = 115.62 <0.0001 
2 0.61 14.26 95.79 0.62 0.53 Fi8, 2196 = 46.23 <0.0001 
3 0.18 4.21 100 0.39 0.85 Fg, 1099 = 24.77 <0.0001 
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A. Female Plants: Complete Data Set, Full-Model B. Male Plants: Complete Data Set, Full-Model 

C. Female Plants: Random Sample, Full-Model D. Male Plants: Random Sample, Full-Model 

Fig. 4. Canonical plots for discriminant function analyses (DFA) of Arceuthobium campylopodum, A. Httorum, A. 
occidentale, and A. siskiyouense based on morphological characteristics of female (A, C) and male plants (B, D) 
shown in Table 7. Multivariate means (squares) were computed using complete data for each species by sex (A, B), 
whereas, to further validate the DFA, means were also calculated using a random subset (50 complete records/ 
species) of female (C) and male plants (D), respectively. For each species (A-D), the inner ellipse correspond to a 
95% confidence limit for the mean, and the outer ellipse represent a normal 50% contour illustrating the 
approximate area within which 50% of plants for each species reside. 

As with multivariate analyses for female 
plants, DFA on male plants revealed significant 
differences among 10 morphological characters 
of Arceuthobium campylopodum, A. littorum, A. 
occidentale, and A. siskiyouense (Wilks’ X = 
0.1170, Approximant F303220.6 — 115.62, P < 

0.0001; Pillai’s Trace = 1.3100, Approximant 
F'30,3297 = 85.13, P < 0.0001; Table 5). However, 
unlike the full-model DFA on female plant 
morphology, the first two axes described greater 
than 95% (95.8%) of the variation among male 
plants (Fig. 4B) and five morphological charac- 
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Table 6. Quadratic Discriminant Function Analysis (DFA) for Female (n = 8 Morphological 

Characters) and Male Plants (n = 10 Morphological Characters) of Arceuthobium campylopodum, 

A. LITTORUM, A. OCCIDENTALE, AND A. SISKIYOUENSE: STANDARDIZED CORRELATION COEFFICIENTS INDICATING 

THE Relative Importance of a Morphological Character(s) in Species Delineation. Plant height (PFI); 
basal diameter (BD); length of third internode (LTI); width of the third internode (WTI); fruit length (FL); fruit 
width (FW); seed length (SL); seed width (SW); petal length (PL); petal width (PW); anther diameter (AD); anther 
distance to tip (ADT); staminate spike length (SSL); and, staminate spike width (SSW). 

Female Male 

Canonical 1 Canonical 2 Canonical 3 Canonical 1 Canonical 2 Canonical 3 

PH -0.18 -0.32 -1.03 0.26 0.08 -0.36 

BD -0.17 -0.38 0.74 -0.3 -0.03 0.23 

LTI -0.14 0.59 0.71 -0.18 0.07 0.01 
WTI 1.09 -0.07 -0.14 0.41 0.15 0.59 
FL -0.09 -0.23 -0.2 

FW 0.36 0.37 0.49 

SL 0.16 -1.06 -0.2 

SW 0.23 1.11 -0.46 

PL -0.32 0.38 -0.21 
PW 0.34 0.25 -0.48 
AD -0.23 0.3 -0.47 
ADT 1 0.05 0.06 
SSL -0.16 -0.57 0.87 
SSW -0.35 0.68 0.24 

ters - staminate spike length and width, anther 
diameter and distance to tip, and width of the 
third internode - contributed most to predicting 
species membership (Table 6). Using these five 
morphological characters in the DFA of male 
plants, total correct classification (predicted/ 
actual) was 74.8% across all four taxa; yet, A. 
littorum (90.0%) and A. siskiyouense (99.1%) 
rarely were misclassified, compared to A. campy¬ 
lopodum (66.3%) and A. occidentale (67.0%) 
which were more often incorrectly classified 
(Table 7). In addition, 24.0% (144/600) of male 
plants identified in the field as A. campylopodum 
- many collected from known populations of A. 
campylopodum (Hawksworth and Wiens 1996) - 
were predicted to A. occidentale and, likewise, 
male plants of A. occidentale (21.4%, 43/200) 
sometimes were misclassified as A. campylopo¬ 
dum. Species membership for male plants of A. 
littorum and A. siskiyouense, however, rarely was 
predicted (<2.0%) to either A. campylopodum (1/ 
100 and 0/210) or A. occidentale (2/100 and 1/210) 
when all 10 of the male plant morphological 
characters were considered. Furthermore, male 
plants of A. littorum and A. siskiyouense were 
readily distinguishable from one another and 
separable from A. campylopodum and A. occi¬ 
dentale when jointly comparing only the dimen¬ 
sions of staminate spikes, anther distance to tip, 
and the width of the third intemode (Table 7). 
The distinct morphological differences between 
male plants of A. littorum and A. siskiyouense as 
well as their comparisons to male plants of A. 
campylopodum and A. occidentale also were 
maintained when DFA was applied to the 
reduced, resampled data set (50 complete rec¬ 
ords/taxon; Fig. 4D). 

Discussion 

Morphological Comparisons 

The most distinct species of the four taxa in the 
Arceuthobium campylopodum-occidentale complex 
are A. littorum and A. siskiyouense. Arceuthobium 
littorum can easily be distinguished from the other 
three taxa by its geographic distribution along the 
coast of California, plant color, length and width 
of staminate spikes, width of the third internode 
on male plants, anther distance to tip, flower 
diameters, occasional formation of 5-merous and 
rarely 6-merous flowers, and parasitism of P. 
radiata and P. muricata (Mathiasen and Daugh¬ 
erty 2013) (Table 3). In addition, isozyme analy¬ 
ses (Nickrent and Butler 1990) and secondary 
branching patterns (Mark and Hawksworth 1981; 
Nickrent and Butler 1990) distinguish it from the 
other three taxa in the complex. Furthermore, 
Nickrent and Butler (1991) demonstrated that A. 
littorum could be differentiated genetically from 
A. campylopodum by differences at nine isozyme 
loci and the presence of a sex-linked MDH-3 allele 
in staminate plants. 

Although Arceuthobium siskiyouense is mor¬ 
phologically similar to A. campylopodum 
(Mathiasen and Daugherty 2009a), the results 
of our morphological measurements demonstrat¬ 
ed that these species can be distinguished using 
several characters. The most conspicuous mor¬ 
phological difference between these species being 
plant color, width of the third internode for male 
and female plants, and the staminate spike width 
of male plants (Table 3). 

Arceuthobium siskiyouense is more difficult to 
separate from A. occidentale based on the 
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independent examination of morphological dis¬ 
continuities, but it can be distinguished from A. 
occidentale by its plant color, smaller mean plant 
size for male and female plants, smaller basal 
diameter and third internode widths, and its 
smaller staminate spike dimensions (Table 3). As 
demonstrated by standard and stepwise DFA, 
female and male plants of A. siskiyouense can 
also be delineated from A. occidentale and A. 
campylopodum using a single female and male 
morphological character - width of the third 
internode and staminate spike width, respectively 
(Table 7). It is, however, difficult to distinguish 
A. siskiyouense from A. campylopodum based on 
host range because A. siskiyouense severely 
parasitizes both P. attenuata and P. jejfreyi and 
its parasitism of P. ponderosa remains uncertain 
(Mathiasen and Daugherty 2009a). Because A. 
campylopodum also severely parasitizes P. jeffreyi 
and P. attenuata (Table 3), using infection of 
these hosts to separate A. siskiyouense from A. 
campylopodum remains problematic and not 
practical for the purpose of field identification. 

The separation of Arceuthohium occidentale 
from A. campylopodum as distinct species using 
morphological characters is the most difficult 
based on our data (Tables 3 and 7; Fig. 4). 
Populations of these taxa are morphologically 
similar as our univariate and discriminant func- 
tion analyses demonstrated. Male plants of A. 
campylopodum were most often misclassified 
in our DFAs as A. occidentale and likewise, 
incorrectly classified male plants of A. occidentale 
commonly were predicted to A. campylopodum 
and rarely A. siskiyouense. Although DFA of 
female plants using the full-suite of morpholog¬ 
ical characters provided better resolving power to 
species/taxon membership than male plants, 
particularly for A. occidentale (Table 7; Fig. 4), 
nearly 31% of female plants for A. campylopodum 
were classified incorrectly, and as noted previ¬ 
ously for male plants, the majority of misclassi- 
fications were predicted to A. occidentale. How¬ 
ever, when all of the morphological characters 
measured for male and female plants were used, 
the DFA results demonstrated that both A. 
campylopodum and A. occidentale were correctly 
classified from 69-78% of the time (Table 7). The 
principal characteristics separating A. campylo¬ 
podum from A. occidentale were plant glaucousity 
and phenology; A. occidentale plants were highly 
glaucous and A. occidentale flowered and dis¬ 
persed seed much later in the fall than A. 
campylopodum (Table 3). In fact, in stands where 
these dwarf mistletoes are sympatric, the best 
approach to delineating these taxa is to use their 
phenological differences. Using timely observa¬ 
tions in October or November, one can readily 
differentiate A. campylopodum and A. occidentale 
by determining which plants are flowering and/or 
dispersing seed {A. occidentale) and which have 

already completed these processes {A. campylo¬ 
podum). 

Our analyses are among the first to compare 
morphological characters of the same species of 
dwarf mistletoe collected from different hosts. 
The only other study of this nature was 
conducted by Mathiasen and Daugherty (2009a) 
for Arceuthohium siskiyouense when they com¬ 
pared morphological characters for plants col¬ 
lected from two principal hosts and one occa¬ 
sional host. They found little difference in the 
means and ranges for the majority of the 
morphological characters examined for plants 
collected from the principal hosts of A. sis¬ 
kiyouense, but plants as well as flower diameters 
and fruit dimensions measured from the occa¬ 
sional host were slightly smaller on average. 
Therefore, we expected that A. campylopodum 
collected from Pinus ponderosa and P. jeffreyi 
would also demonstrate some morphological 
variation, possibly resulting in small, yet, signif¬ 
icant differences. However, no significant differ¬ 
ences were evident for any of the morphological 
characters measured for male or female plants of 
A. campylopodum on separate principal hosts as 
many of the means were identical (Table 2). 
Furthermore, the ranges and standard deviations 
for the characters we examined were also similar. 
The largest differences in standard deviation were 
for measurements of the height of male plants 
and the length of the third internode for female 
plants, but the means for these characters were 
nearly the same. These results and those of 
Mathiasen and Daugherty (2009a) support the 
concept emphasized by Hawksworth and Wiens 
(1972, 1996) that species of dwarf mistletoes 
maintain their morphological identity when they 
occur on different hosts. 

Host Range Differences 

The host range of three of the four taxa in the 
Arceuthohium campylopodum-occidentale com¬ 
plex clearly overlap; only A. Uttorum has distinct 
(i.e., species-specific) host affinities parasitizing 
Pinus radiata and P. muricata along the coast of 
California. Arceuthohium siskiyouense is a prima¬ 
ry parasite of P. attenuata, but has been reported 
to severely parasitize P. jeffreyi as well (Mathia¬ 
sen 2009, 2011). Although Hawksworth and 
Wiens (1996) reported that A. siskiyouense only 
rarely infected P. ponderosa, further work on this 
mistletoe-host relationship is needed because the 
susceptibility of P. ponderosa is based solely on a 
single population of A. siskiyouense near Gas- 
quet, California (Hawkworth and Wiens 1972; 
Hawksworth et al. 1992). Our observations at the 
same location could not confirm the susceptibility 
of P. ponderosa to A. siskiyouense as we were 
unable to locate this host-dwarf mistletoe com¬ 
bination there. Species boundaries between A. 
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campylopodum and A. occidentaie are less clear 
because their host ranges overlap insomuch as 
both P. attenuata and P. coulteri are highly 
susceptible to each species and both mistletoes 
parasitize P. ponderosa, P. jejfreyi, and P. 
sabiniana to varying degrees. Currently, P. 
attenuata and P. coulteri are considered as 
secondary hosts of both A, campylopodum and 
A. occidentaie, but our observations at several 
locations in southern and northern California 
suggest these pines may be more susceptible to 
both dwarf mistletoes - possibly warranting the 
promotion of these pines to principal hosts. 
Further data are also required on the suscepti¬ 
bility of P. ponderosa to A. occidentaie, which is 
currently considered to be only an occasional 
host (Hawksworth and Wiens 1996). However, 
our observations at several locations along the 
western slope of the Sierra Nevada Mountains 
indicated P. ponderosa is likely more susceptible 
to A, occidentaie than an occasional host. 
Furthermore, our observations of A. occidentaie 
infections on P. jeffreyi were not adequate to 
estimate host susceptibility in this dwarf mistle¬ 
toe-host combination, but Hawksworth and 
Wiens (1996) considered P. jeffreyi to be an 
occasional host of A. occidentaie. The host ranges 
of A. campylopodum and A. occidentaie clearly 
overlap and additional research is needed to 
better quantify the susceptibility of all these hard 
pines to both mistletoes. 

Phenology 

The flowering and seed dispersal periods of 
Arceuthobium iittorum, A. siskiyouense, and A. 
campylopodum overlap; flowering occurs from 
mid-August to early-October while seed dispersal 
occurs from mid-September to mid-October 
(Hawksworth and Wiens 1996; Mathiasen and 
Daugherty 2009a, 2013). Flowering period and 
seed dispersal of A. occidentaie, however, occurs 
much later in the fall; flowering from mid- 
October through late November with seed 
dispersal beginning in early November and 
generally concluding in December - occasionally 
ending in early January of some years (Hawks¬ 
worth and Wiens 1996; Mathiasen and Daugh¬ 
erty 2013). Peak flowering of A. occidentaie, 
therefore, does not overlap with that of the other 
three species and, although populations of A. 
occidentaie on P. sabiniana and A. campylopodum 
on P. ponderosa are rarely sympatric, flowering 
periods likely preclude gene flow between these 
dwarf mistletoes. Gene flow between A. Iittorum 
and the other three taxa certainly is precluded 
because it is not sympatric with them. However, 
A. iittorum does occur within approximately 
60 km of A. occidentaie in Monterey and San 
Luis Obispo Counties (Mathiasen and Daugherty 
2013), yet it is unlikely that pollen can be 

transferred effectively over 60 km by insects i 
and/or wind (Hawksworth and Wiens 1996). As i 
noted by Mathiasen and Daugherty (2013), the 
seed dispersal period for A. Iittorum requires i 
additional study because Peirce (1905) reported : 
previously that this species - classified as A. \ 
occidentaie in his report - dispersed seed as late as i, 

December and January in some years. I 

Taxonomic Classification j 
i 

Hawksworth and Wiens (1996, p. 146) dis- ■, 
cussed their classification of subspecies of | 
Arceuthobium in some detail. They considered | 
subspecies to be “geographically restricted pop- | 
ulations of dwarf mistletoes that were distiri- ;; 
guished by a few relatively small but consistent ^ 
variations.” At that time, they recognized sub- I 
species under four taxa: 1) A. aureum Hawks- 1 
worth & Wiens; 2) A. globosum Hawksworth & ;i 
Wiens; 3) A. tsugense (Rosendahl) G. N. Jones; 1 
and, 4) A. vaginatum (Willdenow) PresL They i 
also recognized one race under A. tsugense. Over ; 
the last decade, several new subspecies of i 
Arceuthobium have been described. The race j 
Hawksworth and Wiens formerly recognized for ' 
populations of A. tsugense that parasitize shore ■ 
pine in Washington and southern British Colum- I 
bia has been described as a subspecies (Wass and j 
Mathiasen 2003) and another subspecies of A. i 
tsguense has been described from Oregon I 
(Mathiasen and Daugherty 2007). Arceuthobium i 
hawksworthii Wiens & C. G. Shaw bis has been i 
recombined as a subspecies of A. hondurense i 
Hawksworth & Wiens (Mathiasen 2007) and the | 
subspecies of A. aureum described by Hawks- i 
worth and Wiens (1977, 1996) have been j 
recombined as subspecies of A. globosum ; 
(Mathiasen 2008). In addition, a dwarf mistletoe j 
that severely parasitizes Brewer’s spruce {Picea \ 
breweriana S. Watson) in southern Oregon and ' 
northern California, has been described as a : 
subspecies of A. abietinum (Engelmann) Hawks- j 
v/orth & Wiens (Mathiasen and Daugherty ! 
2009b). Finally, the dwarf mistletoe populations ! 
on bristlecone pine {Pinus aristata Engelmann) in ; 
northern Arizona have been described as a ' 
subspecies of A. microcarpum (Engelmann) | 
Hawksworth & Wiens (Scott and Mathiasen 
2009). Drawing upon these treatments for sub- j 
specific classifications, the primary characteristics ; 
presently recognized for delineating subspecies in | 
Arceuthobium are significant differences in mean ' 
plant heights, staminate spike dimensions, and ■ 
flower dimensions as well as differences in ; 
phenology, geographic distribution, and host | 
range. Although the range in the measurements 
for many morphological characters used to j 
separate subspecies (and often species) of Ar- | 
ceuthobium often overlap, statistical analyses | 
have demonstrated that the means for characters j 
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separating taxa remain consistent and significant¬ 
ly different, regardless of the host. Similarly, 
although Hawksworth and Wiens (1972, 1996) 
maintained that subspecies of Arceuthobium were 
usually geographically separate, field studies have 
now demonstrated that the geographic distribu¬ 
tions of most of the currently recognized subspe¬ 
cies overlap, but that the subspecies can be 
distinguished using host ranges, phenology, and 
morphological characters (Wass and Mathiasen 
2003; Mathiasen 2008; Mathiasen and Daugherty 
2007, 2009b; Scott and Mathiasen 2009). 

As previously noted, Hawksworth and Wiens 
(1972, 1996) considered subspecies of Arceutho- 
Mum to be “geographically restricted popula¬ 
tions”, but it has now been demonstrated that 
most of the subspecies they recognized have 
relatively extensive geographic ranges. Further¬ 
more, most of the subspecies described by 
Hawksworth and Wiens reportedly are sympatric 
with other subspecies of the same taxon (Wass 
and Mathiasen 2003; Mathiasen and Daugherty 
2007; Mathiasen 2008; Mathiasen and Daugherty 
2009b; Scott and Mathiasen 2009). Thus, the 
inclusion and application of geographic restric¬ 
tion within the definition of subspecies in the 
genus Arceuthobium is now inadequate. There¬ 
fore, the interpretation of what constitutes “a few 
relatively small but consistent variations” is left 
to individuals studying the large number of 
complex dwarf mistletoe populations with very 
similar morphological characteristics and that 
parasitize a diverse range of hosts with varying 
degrees of infection (i.e., immune to severely 
infected). As with other groups of morphologi¬ 
cally and ecologically similar plants, the dilemma 
presented is how best to interpret and weigh, 
collectively and without bias, variations in 
morphology, phenology, ecological adaptations, 
and molecular evidence in order to derive a 
consistent classification concept that is phyloge- 
netically sound and, yet, practically useful to 
individuals and organizations interested in the 
classification/identification/management of dwarf 
mistletoes. Because dwarf mistletoes are extreme¬ 
ly important both ecologically and economically, 
an emphasis must be placed not only on their 
phylogenetic relationships, but also on their 
ecological and pathological roles in forest eco¬ 
systems. Therefore, recognition of the host 
affinities developed by dwarf mistletoes - which 
often are host/mistletoe specific - is critical in 
their classification as we consider differences in 
host preference(s) to reflect corresponding and 
underlying genetic differentiation between popii- 
lations. Accordingly, dwarf mistletoe taxa that 
parasitize closely-related hosts and can be delin¬ 
eated statistically across multiple morphological 
characteristics should be classified at the species 
level. The number of statistically significant 
differences between morphological characteristics 
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can be amended to consider consistent differences 
- accordant differences demonstrated across 
populations and geographic distributions - in¬ 
cluding plant color, number of petals consistently 
produced in several populations, differences in 
phenology, and geographic isolation that has 
prevented gene flow between populations over a 
substantial period of time as demonstrated for 
A. iittorum versus the other species in the A. 
campylopodum-occidentale complex. 

Based on our statistical analyses of morpho¬ 
logical characteristics of the Arceuthobium cam- 
pylopodum-occidentaie complex, we concluded A. 
Iittorum and A. siskiyouense were sufficiently 
differentiated from A. campylopodum and A. 
occidentale to remain classified as species. This 
conclusion is also supported by other studies of 
these taxa (Hawksworth and Wiens 1996; 
Mathiasen and Daugherty 2009a, 2013). We also 
recommend that A. occidentale continue to be 
classified at the rank of species because it could 
be separated consistently from A. campylopodum 
by several significantly different characters and 
our DFA demonstrated that species membership 
of A. occidentale identified a priori in the field 
could be correctly classified using female or male 
plant morphology over 70% of the time. It can 
also be distinguished from A. campylopodum by 
its much later flower and seed dispersal periods 
which suggests that the opportunity for outcross¬ 
ing between and/or among populations of these 
mistletoes likely is limited, if it occurs at all. 
However, additional multilocus molecular studies 
(e.g., genotyping via amplified fragment length 
polymorphism [AFLP] analysis) and studies of 
the host susceptibility of the hard pines to these 
dwarf mistletoes should be completed. If addi¬ 
tional molecular and field studies can demon¬ 
strate that populations of A. occidentale can be 
genetically differentiated from A. campylopodum 
and reveal definitive discontinuities in host 
preference between these dwarf mistletoes, then 
the treatment of A. occidentale at the specific level 
could be applied with even greater confidence. 

In light of the morphometric analyses present¬ 
ed here, we recommend that the taxa in the 
Arceuthobium campylopodum-occidentale com¬ 
plex continue to be recognized at the specific 
level by individuals or groups interested in the 
conservation, management, and/or taxonomy of 
dwarf mistletoes. We, therefore, urge botanists 
and other resource specialists involved in the 
systematics of dwarf mistletoes in California to 
follow the treatments and use the taxonomic keys 
proposed for this group of parasitic plants in The 
Jepson Manual: higher plants of California 
(Hickman 1993) or the Hawksworth and Wiens 
(1996) monograph for Arceuthobium rather than 
using the highly conservative treatment of the 
genus recently presented in the revised Jepson 
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Manual (Baldwin et al. 2012). The latter treat¬ 
ment groups all taxa in section Campylopoda 
Hawksw. & Wiens, series Campylopoda distrib¬ 
uted in California under A. campylopodum, 
thereby greatly reducing the number of Arceutho- 
bium spp. in the state. Similarly, Nickrent (2012) 
reclassified all species in series Campylopoda, 
except A. divaricatum Engelmann, to subspecies 
of A. campylopdoum. Both of these treatments 
completely disregard and fail to integrate the 
large set of scientific literature available on the 
morphological, phenological, chemical, and host 
range differences among the dwarf mistletoes in 
series Campylopoda. As a result, these treatments 
also obscure the interspecific differences reported 
here, as well as those repeatedly demonstrated in 
the extensive historical and contemporary litera¬ 
ture related to the morphology, ecology, and 
pathology of the A. campylopodum-occidentale 
complex. Furthermore, the taxonomic recogni¬ 
tion of the taxa in this complex follows the 

philosophy outlined by Baldwin (2000) and , 
Baldwin et al. (2012) regarding the need for the 
classification of natural groups of higher plants, 
even when the morphological or molecular 
evidence indicates these taxa are cryptic. As ' 
Baldwin (2000) emphasizes, managers involved 
in biodiversity management and plant conserva¬ 
tion need to consider the taxonomic recognition 
of cryptic taxa because their classification as 
species or subspecies allows for the protection i 
and, hence, future study of natural groups of 
plants that may otherwise be ignored. While * 
borderline cases will emerge in circumscribing • 
species, and particularly subspecies - a likely 
byproduct of the phylogenetic “toolbox” utilized 
to examine the plant(s) in question, the classifi¬ 
cation of cryptic taxa is nonetheless needed so - 
that these evolutionarily distinct populations can , 
be conserved. If they are not recognized taxo- 
nomically, and thereby remain unnamed, their 
conservation can clearly be compromised. ^ 

Key to the Arceuthobium campylopodum-occidentale Complex 

A key to the Arceuthobium campylopodum-occidentale complex for use in field identification of the 
species is provided belomc 

1. Plants dark brown or reddish brown, female plants usually less than 10 cm; basal diameters usually 
3 mm or less; third internode widths usually 2 mm or less; plants not typically glaucous; staminate 
spike widths approximately less than 2.5 mm; parasitic on Finns attenuata and P. jeffreyi in 
northwestern California and southwestern Oregon .................. Arceuthobium siskiyouense 

1'. Plants yellow, yellow-brown, olive green, green, dark green, or straw; female plant heights usually 
greater than 10 cm; basal diameters usually greater than 3 mm; third internode widths usually more 
than 2 mm; plants often glaucous at their base; staminate spike widths greater than 2.5 mm 
2. Plants green to dark green; basal diameter of female plants usually greater than 3.5 mm; 

staminate spike length usually greater than 15 mm; diameter of 3-merous and 4~merous flowers 
about 3.5 mm and 5 mm, respectively; S-merous flowers common; anther diameter about 
0.9 mm; parasitic primarily on Pinus muricata and P. radiata along the Pacific Coast of 
California ............................................... Arceuthobium littorum 

2’. Plants yellow, yellow-brown, olive green, or straw; occasionally glaucous at their base; 
staminate spike lengths usually less than 15 mm; diameter of 3-merous and 4-merous flowers 
about 3 and 4 mm, respectively; 5-merous flowers rare; anther diameter about 0.6 mm; parasitic 
on Pinus ponderosa, P. jeffreyi, or P. sabiniana 
3. Plants primarily yellow or yellow-brown; third internode widths about 2.2 mm; fruits lightly 

glaucous; anthesis from late August to late September; parasitic primarily on Pinus 
ponderosa and P. jeffreyi ............................. Arceuthobium campyiopodum 

32 Plants yellow-brown or straw; third internode widths about 2.5 mm; fruits highly glaucous; 
anthesis from early October to December; parasitic primarily on Pinus sabiniana in the 
foothills surrounding the Central Valley of California. .......... .Arceuthobium occidentale 
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Appendix 1 

R-Values for Morphological Measurements for Arceuthobium campylopodum, A. occidentale, A. 
LITTORUM, AND A. SISKIYOUENSE USING THE NONPARAMETRIC STEEL-DWASS, MULTIPLE COMPARISON POST 

Hoc Test (A = 0.05). Plant heights are in cm and all other measurements in mm. Comparisons are for A. 
campylopodum and A. occidentale (C-O); A. campylopodum and A. siskiyouense (C-S); A. campylopodum and A. 
littorum (C-L); A. occidentale and A. siskiyouense (O-S); A. occidentale and A. littorum (O-L); and A. siskiyouense 
and A. littorum (S-L). 

Character C-O C-S C-L O-S O-L S-L 

Plant Height 
Female P = 0.2316 P < 0.0001 p 0.0630 P = 0.5966 P < 0.0001 P < 0.0001 
Male P = 0.9887 P < 0.0001 p = 0.9995 P = 0.9834 P < 0.0001 P < 0.0001 

Basal Diameter 
Female P < 0.0001 P < 0.0001 p < 0.0001 P < 0.0001 P < 0.0001 P < 0.0001 
Male P < 0.0001 P = 0.0494 p < 0.0001 P < 0.0001 P = 0.3329 P < 0.0001 

Length Third Internode 
Female P < 0.0001 P = 0.3985 p = 0.3397 P = 0.0003 P < 0.0001 P = 0.9521 
Male P = 0.9039 P = 0.8573 p < 0.0001 P < 0.0001 P = 0.5421 P = 0.0005 

Width Third Internode 
Female P < 0.0001 P < 0.0001 p = 0.0099 P < 0.0001 P < 0.0001 P < 0.0001 
Male P < 0.0001 P < 0.0001 p < 0.0001 P < 0.0001 P < 0.0001 P < 0.0001 

Staminate Spike Length P = 0.0005 P = 0.4472 p < 0.0001 P < 0.0001 P < 0.0001 P < 0.0001 
Staminate Spike Width P < 0.0001 P < 0.0001 p < 0.0001 P < 0.0001 P < 0.0001 P < 0.0001 
Flower Diameter 

3-merous P < 0.0001 P = 0.1725 p < 0.0001 P < 0.0001 P < 0.0001 P = 0.0052 
4-merous P = 0.0121 P < 0.0001 p < 0.0001 P < 0.0001 P < 0.0001 P < 0.0001 

Petal Length P = 0.0005 P < 0.0048 p < 0.0001 P < 0.0001 P 0.9988 P < 0.0001 
Petal Width P < 0.0001 P < 0.0001 p < 0.0001 P < 0.0001 P < 0.0001 P < 0.0001 
Anther Diameter P = 0.9277 P < 0.0001 p < 0.0001 P < 0.0001 P < 0.0001 P < 0.0001 
Anther Distance to Tip P = 0.0001 P = 0.0001 p < 0.0001 P < 0.0001 P < 0.0001 P < 0.0001 
Fruit Length P = 0.0001 P < 0.0001 p = 0.1000 P = 0.0279 P 0.4056 P = 0.0005 
Fruit Width P < 0.0001 P < 0.0001 p = 0.9948 P < 0.0001 P = 0.4589 P < 0.0001 
Seed Length P = 0.9759 P < 0.0001 p = 0.4293 P = 0.6079 P < 0.0001 P < 0.0001 
Seed Width P < 0.0001 P < 0.0001 p < 0.0001 P = 0.4767 P = 0.8442 P = 0.2808 
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Abstract 

Serotiny and delayed seed dispersal are thought to have evolved as traits allowing plants to cope 
with environmental variability. We conducted a literature search of serotinous desert plants in the 
Mojave and Sonoran deserts in California and classified them according to their seed retention 
syndrome. Serotinous species in North American deserts have evolved similar seed retention 
syndromes as those of plants in other deserts of the world. Seed retention in deserts plants is a 
common seed dispersal strategy in arid ecosystems that allows plants to cope with environmental 
variability and unpredictability. 

Resumen 

Se cree que la serotinia y la dispersion retrasada de semillas han evolucionado como un mecanismo 
que permite a las plantas hacer frente a la variabilidad ambiental. En el presente estudio realizamos 
una busqueda en la literatura sobre las plantas serotinas de zonas aridas en los desiertos del Mojave y 
Sonorense en California. Las plantas encontradas fueron clasificadas de acuerdo al sindrome de 
retencion de semillas. Las especies serotinas de los desiertos de Norte America han evolucionado 
sindromes de retencion de semillas similares a los de las plantas de otros desiertos del mundo. La 
retencion de semillas en plantas de desierto es una estrategia de dispersion comun en los ecosistemas 
aridos que permite a las plantas adaptarse a la variabilidad e impredecibilidad ambiental. 

Key Words: Basicarpy, delayed dispersal, desert serotiny, dispersal syndromes, hygrochasy, rain pulses. 

Serotiny consists of the retention of mature 
seeds within the maternal canopy, delaying seed 
dispersal for varying periods of time (also known 
as bradychory or delayed dispersal; Lamont 1991; 
Thanos 2000, 2004). Serotiny has been described in 
different pulse-driven ecosystems such as the 
seasonally dry, fire-prone mediterranean woody 
scrubs and temperate forests in Australia, South 
Africa, and North America (Le Maitre 1985; 
Lamont 1991; Lamont and Enright 2000). The 
adaptive significance of seed retention and delayed 
dispersal in these environments has been interpret¬ 
ed as providing protection to seeds from predators 
and bums (Enright et al. 1998a, b), synchronizing 
seed release in a nutrient rich environment and 
with decreased competition for light and water, 
thus allowing for higher seedling establishment 
(Lamont 1991), and reducing post-dispersal haz¬ 
ards by swamping the predator populations with 
high number of seeds (Janzen 1976). 

Despite the fact that most of the literature on 
serotiny gravitates around fire-driven ecosys¬ 
tems, seed retention and delayed dispersal have 

also evolved in arid environments. In the central 
Namib Desert, around eleven species have been 
shown to retain seeds (Giinster 1992). Similarly, 
about 40 species in Israel and the Sinai have 
been described as having delayed dispersal 
mechanisms triggered by the onset of rains 
(Gutterman and Ginot 1994). Environmental 
pulses in desert ecosystems—in the form of 
randomly varying water availability—constitute 
a major factor driving the dynamics of desert 
communities (Noy-Meir 1973; Loik et al. 2004; 
Reynolds et al. 2004). The serotinous retention 
of seeds seems to be advantageous in environ¬ 
ments where conditions for successful germina¬ 
tion and establishment pulsate more or less 
randomly, and where the probability of estab¬ 
lishment outside an ephemeral pulse period is 
relatively low. 

The objective of this paper is to provide a list 
of serotinous species in the Mojave and northern 
Sonoran Desert in the flora of California. We 
also classify seed retaining species according to 
their different seed retention syndromes. 
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Methods 

We did a literature search in two regional 
desert floras: Flora of the Gran Desierto and Rio 
Colorado of Northwestern Mexico (Felger 2000) 
and The Jepson Desert Manual: vascular plants of 
southeastern California (Baldwin et al. 2002). 
Although Felger’s flora deals with Mexico’s Gran 
Desierto and not strictly with Californian deserts, 
the region is a natural continuation of the Lower 
Colorado Valley across the Mexican border, and 
the book contains very valuable descriptions of 
plants common to the larger desert region. In 
both books we looked for indications of serotiny 
in botanical descriptions such as “dry dead 
skeletons remain on the field for several years 
retaining seeds”, or for terms associated with seed 
retention, such as “tardily or irregularly dehiscent 
fruit”, “woody persistent fruits”, and “indehis- 
cent fruit” among others. 

We narrowed this broad first list by eliminating 
species that, although having lignified structures, 
readily release their seeds at the end of the 
growing season. We did this based on our own 
field notes and by consulting with experts on the 
flora of the regional deserts. We then verified our 
results through a more in-depth literature search, 
looking for information on the dispersal charac¬ 
teristics, life cycle, growth season, habitat, and 
distribution of species with apparent seed reten¬ 
tion syndromes in the Sonoran and Mojave 
deserts (references consulted are listed in the 
following section). Finally, we confirmed our 
information using herbarium specimens (Univer¬ 
sity of California, Riverside Plant Herbarium 
[U CR]; http ://www. herbarium. ucr.edu/Herbarium. 
html) and looked for evidence of prolonged seed 
retention on the specimens, to come with a list of 
serotinous species in the California desert region. 

Serotinous desert plants have been classified 
according to the period of time of seed retention 
(Zohary 1962; van der Fiji 1982; van Oudtshoorn 
and van Rooyen 1999). However, because of the 
lack of data on seed-retention times within the 
Sonoran and Mojave deserts, we classified our 
plants into two types: (a) strongly serotinous 
species were identified as those that possess 
tough, strongly lignified seed-retaining structures, 
and (b) weakly serotinous species were identified 
as those showing softer, or less rigid seed- 
retaining structures (suggesting that seed reten¬ 
tion occurs for a shorter time period). 

Results 

In total, we identified 21 strongly serotinous 
and nine weakly serotinous species. Of the 30 
serotinous species, 27 were dicots and only three 
were monocots. The plants we identified as seed- 
retaining form 1.1% of the species listed in The 
Jepson Desert Manual (Baldwin et al. 2002) and 

Table 1. Order, Family, and Genera of Desert 

Species in the Mojave and Sonoran Deserts. 

Order Family Genera 
Serotinous 

species 

Asparagales Agavaceae 1 1 
Caryophyllales Amaranthaceae 2 1 
Asterales Asteraceae 121 1 
Boraginales Boraginaceae 11 1 
Caryophyllales Cactaceae 8 4 
Celastrales Celastraceae 1 1 
Mai vales Malvaceae 9 2 
Myrtales Onagraceae 6 3 
Lamiales Orobanchaceae 1 1 
Poales Poaceae 74 2 
Caryophyllales Polygonaceae 13 1 
Sapindales Simaroubaceae 1 1 
Solanales Solanaceae 8 2 
Zygophyllales Zygophyllaceae 5 1 
Total 261 22 

3.7% of those listed in the Flora of the Gran 
Desierto (Felger 2002). This estimate represents a 
minimum threshold, as other serotinous species 
may exist that have not been identified with the 
procedure we followed. The ability to retain seeds 
seems to be taxonomically widespread: 14 out of 
114 families of desert plants (12.3%; two mono¬ 
cot families and 12 dicot families) belonging to 13 
different orders have at least one serotinous 
species (Table 1; a detailed list is provided in 
Appendix 1). After inspecting the range and type 
of seed-retaining strategies we found, serotinous 
species were classified into the following six 
groups: (1) ground-level ephemerals, (2) persis¬ 
tent plants with lignified fruits, (3) gradually 
opening capsules, (4) reproductive dimorphism, 
(5) schizocarps with heteromericarps, and (6) 
persistent fruits. 

1. Ground-level Ephemerals (basicarpy) 

Basicarpic species are desert ephemeral plants 
that produce flowers immediately above ground 
level, and retain their seeds in hard, lignified 
structures for a long period of time after the 
mother-plant dies, releasing seeds to rainfall 
events (Ellner and Shmida 1981). A basicarpic 
species in the California desert region is Chor- 
izanthe rigida (Torr.) Torr. & A. Gray (Poly- 
gonaceae), a short (2-15 cm) winter annual 
whose dead, spiny skeletons persist for several 
years releasing involucres to rainfall events 
(Fig. la; Felger 2000; Baldwin et al. 2002). 
Chorizanthe rigida is associated with desert 
pavements (Martinez-Berdeja et al. 2013), and is 
distributed from the Great Basin to the Mojave, 
Colorado, and northern Sonoran deserts. Al¬ 
though Ellner and Shmida (1981) classified this 
species as basicarpic, it is noteworthy that, while 
the plant is low (ca. 5 cm) in the Mojave, towards 
the southern end of its distribution in the Central 
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Fig. 1. Ground-level ephemerals (basicarpy); (a) dry dead skeleton and involucre of Chorizanthe rigida, and (b) 
whole individual, side and top view of the hygrochastic lignified capsule of Tetrapteron paimeri. 
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Desert of Baja California the plant shows a more 
erect habit and can reach 15 cm in height. 
Another basicarpic species in this region is 
Tetrapteron palmeri (S. Watson) W. L. Wagner 
& Hoch (Onagraceae), a winter annual that grows 
close to the ground (5-7 mm stalk length) bearing 
lignified, rigid capsules with hygrochastic opening 
and closing (Fig. lb). Old skeletons, at least one 
year old, have been observed and collected in the 
field. This species is uncommon and grows in 
open areas, between shrubs, on desert flats in the 
Great Basin and Mojave Desert where winter 
rainfall dominates (Baldwin et al. 2002). 

Within the basicarpic group, some species 
retain seeds for a shorter-period of time. For 
instance, Chorizanthe spinosa S. Watson (Poly- 
gonaceae) is a winter annual that grows spreading 
across gravelly surfaces, leaving dense stands of 
dried skeletons from previous years that retain a 
few involucres. In the field, most of the involucres 
are released during the following winter season. 
Its distribution range is restricted to a winter-rain- 
only region in the Mojave Desert (Baldwin et al. 
2002). 

2. Persistent Plants with Lignified Fruits 

Oxystylis lutea Torr. & Frem. (Capparaceae) is 
a summer annual that branches from the base (50- 
150 cm) forming a dry spiny structure with two 
“fairly spheric, smooth, white to deep purple, stiff, 
spine-like nutlets” containing one seed each 
(Fig. 2). The reduction of the silique towards a 
thick and spinescent style, with a short and stout 
pedicel “enclosing a seed, tightly and permanent¬ 
ly, with but a minute pore at their attachment 
point” has been considered as an adaptation to 
aridity (litis 1957, p. 83). This species is endemic to 
Death Valley, forming dry stands in alkaline flats 
(Baldwin et al. 2002). The seeds are retained for 
long periods, but the final release mechanism and 
the factors that trigger it are unknown. Amaran- 
thus crassipes Schltdl. var. crassipes (Amarantha- 
ceae) is a summer-fall annual whose upper fruit 
clusters fall from the plant, while the lower woody 
clusters from early flowering, located near the 
base of the stem, seem to persist on the plant for a 
much longer period of time, of unknown dura¬ 
tion. This species grows in fine-textured vertisols 
of playas and sandy soils adjacent to alluvial 
plains and it is distributed in northwestern Sonora 
and southwestern Arizona (Felger 2000). 

3. Gradually Opening Capsules 

This group includes species that exhibit ligni¬ 
fied branches or peduncles holding woody 
capsules that open gradually along a year or 
even longer. In some species, there is evidence 
that the opening of the capsular sutures is 
accelerated by moisture, a trait known as 

hygrochastic dehiscence (e.g., Walck and Hi-V 
dayati 2007) that allows seeds to be released*! 
preferentially when the capsule is exposed toj| 
rainwater. Hygrochastic dispersal mechanisms ■ 
allow for seed dispersal through the movement 
of plant organs or the softening of tissues when ! 
wet. These mechanisms rely on the biomechanical 
properties of some plant tissues, which may have 
compounds that allow them to soften or expand 
as they absorb water, triggering the release of ' 
seeds (van Oudtshoorn and van Rooyen, 1999; i 
Hegazy et al. 2006; Pufal et al. 2010). In the i 
California deserts, this group is represented by i 
two genera, both in the Onagraceae, that tend to | 
inhabit more or less unstable geomorphological : 
surfaces such as sand washes and desert dunes, j 
Simple wetting experiments we have done, both in 
the field and in the lab, show that capsular | 
opening in these long-term seed retainers is | 
triggered by moisture. Eremothera boothii (Dou- j 
glas) W.L. Wagner & Hoch (Onagraceae) is a 
winter annual that germinates and forms a basal | 
rosette from which an erect stalk develops (3- \ 
35 cm). The stalk bears cylindrical capsules with a i 
narrow tip that are persistent and tardily dehis- ^ 
cent (Fig. 3). This species has two different seed I 
morphs coexisting within the same plant: pale 
brown seeds, minutely pitted in rows, and coarsely 
papillate dark brown seeds. There are five | 
subspecies in the western US that vary in the j 
degree of woodiness and their distribution area. ^ 
The three less woody and less serotinous subspe- i 
cies are associated with colder deserts with ; 
predictable winter rain: Eremothera boothii subsp. j 
boothii, E. boothii subsp. alyssoides (Hook. & I 
Arn.) W.L. Wagner & Hoch, and E. boothii subsp. ! 
intermedia (Munz) W.L. Wagner & Hoch grow on 
sandy slopes or flats in the Great Basin Desert and 
Northwest Arizona. In contrast, the two more 
woody and more serotinous species are found in 
the gravelly and sandy soils of desert flats and 
washes of the southern, hotter, and climatically more 
unpredictable Mojave and Sonoran deserts: Ere¬ 
mothera boothii subsp. condensata (Munz) W.L. 
Wagner & Hoch and E. boothii subsp. desertorum 
(Munz) W.L. Wagner & Hoch (White and 
Sanders 1997; Felger 2000; Baldwin et al. 2002). 

The genus Oenothera L. includes desert winter¬ 
spring annuals associated to unstabilized sand 
dunes or low, sandy mounds more or less 
stabilized by shrubs in desert regions character¬ 
ized by winter precipitation and dry summers 
(Munz 1931; Klein 1970). Oenothera deltoides 
Torr. & Frem. has five subspecies, only one of 
which is a strict desert dweller and is strongly 
serotinous suggesting that capsule woodiness is a 
critical factor in its distribution: Oenothera 
deltoides subsp. deltoides develops dry, lignified, 
basketlike skeletons that persist for several years : 
bearing lignified capsules that dehisce with 
moisture (Felger 2000). This spring ephemeral , 
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Fig. 2. Erect plant with sclerocarpic fruits in Oxystylis 

grows on moving dunes and rolling sand plains in 
the Great Basin, Mojave, and Sonoran deserts 
(Munz 1931; Klein 1970; Felger 2000; Baldwin 
et al. 2002). Hygrochasy allows this species to 
disperse its seeds after rainfall events when it is at 
the upper part of the sand dune, thus allowing 
successful seedling establishment in an unstable 
and dynamic landscape. Oenothera primiveris A. 
Gray is a winter-spring annual whose dry 
skeletons consist of part of the taproot and stem, 

iutea. 

and a cluster of long, slender woody capsules, 
that may persist for several years. Ooenothera 
primiveris grows on sand flats, playas, and 
gravelly-sandy washes, and is absent from sand 
dunes, thus this species seems to be adapted to 
less mobile sandy surfaces. It is distributed in the 
Mojave and Sonoran deserts (Felger 2000; 
Baldwin et al. 2002). 

Semelparous plants in the genus Agave L. form 
rosettes with tough succulent leaves, and at the 
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Fig. 3. Lignified stem and hygrocastic capsules of Eremothera boothii subsp. boothii. 

end of their life cycle they produce a large 
flowering scape with dry seed-bearing capsules. 
The seeds remain in the capsules on the scape for 
one or more years as it gradually opens (Gentry 

1982). The dry paniculate scapes of Agave deserti 
Engelm. (Agavaceae) persist for two or more 
years after the rosette has died, and its capsules 
gradually open as they weather, releasing seeds 
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into the environment. Agave deserti grows in 
rocky slopes, and in washes in desert scrub in the 
Sonoran Desert, Arizona, and Baja California 
(Felger 2000; Baldwin et ah 2002). 

The annual Datura discolor Bernh. (Solanace- 
ae) has spiny, globose capsules that retain seeds 
and gradually turn downwards as the dead plant 
skeleton dries. It grows in desert plains, dunes, 
and washes in the Sonoran Desert (Felger 2000; 
Baldwin et al. 2002), and the dry stalks with seed¬ 
bearing capsules often persist for as much as a 
year. 

4. Reproductive Dimorphism (amphicarpy) 

Amphicarpic species display a dimorphic bet¬ 
hedging strategy producing two different propa- 
gule morphs that differ in their dispersal and 
survival characteristics: one with higher dispersal 
and less energy reserves and another with less 
dispersal ability and higher energy reserves, 
representing a high- and low-risk reproductive 
strategy (Barker 2005). Enneapogon desvauxii P. 
Beauv. (Poaceae), a small annual grass, bears 
cleistogamous spikelets in the lower leaf axils 
yielding caryopses that eventually germinate in 
situ within their protective sheaths, and chasmo- 
gamous spikelets with smaller unprotected cary¬ 
opses that are immediately dispersed. This species 
grows in crevices, rocky habitats, and rocky- 
gravelly soils, and is distributed in the Mojave, 
Colorado, and Sonoran deserts (Felger 2000; 
Baldwin et al. 2002). A similar case of fruit 
dimorphism is also found in Muhlenbergia 
microsperma Trin. (Poaceae), a clumped annual 
to short-lived perennial grass that grows among 
rocks, along arroyos, and also on sand flats and 
playas in the Great Basin, Mojave and Sonoran 
deserts, and is also found in coastal sage scrub of 
southern California (Chase 1918; Felger 2000). 
Although amphicarpic grasses can be found in 
the Mojave and Sonoran deserts, reproductive 
dimorphism in the Poaceae also occurs frequently 
outside arid ecosystems (Campbell et al. 1983). 

5. Schizocarps with 
Heteromericarps (schizocarpy) 

Schizocarps are dry fruits developed from 
multiple carpels that, when mature, split up into 
mericarps. In some schizocarpic plants the 
mericarp itself is the dispersal unit, while in 
others the mericarp forms a small capsule with 
two or more seeds, which are shed individually. 
Heterogeneity in the shedding ability of the 
mericarps may lead to some seeds being retained 
for relatively long periods of time, while others 
may become readily detached. The ability of 
schizocarps to function as seed-retaining struc¬ 
tures was recognized by Shreve and Wiggins 
(1964) when describing the dry schizocarps of the 

creosote bush {Larrea tridentata Coville; Zygo- 
phyllaceae). In our fieldwork throughout North 
American deserts, however, we have not observed 
mericarp retention in creosote bushes lasting for 
more than a few months. 

The globemallows (Sphaeralcea spp., Malva¬ 
ceae) fruit is a schizocarp that separates into 
mericarps, which have an upper smooth dehiscent 
part and a lower reticulate indehiscent part, with 
a deep notch between the two sections. Mericarps 
in desert globemallows contain 1-3 reniform dark 
brown seeds (Head 1968; Welsh 1980), and the 
size of the dehiscent and the indehiscent portion 
of the mericarp varies among species (Baldwin 
et al. 2002) (Fig. 4). Six species in the genus 
Sphaeralcea are found in California deserts 
(Pendery and Rumbaugh 1993; Shriladda et al. 
2012). Four of these species {S. ambigua A. Gray, 
S. angustifoHa G. Don, S. emoryi Torr., and S. 
rusbyi A. Gray) show mericarps with 60-75% of 
the carpel open, while the last two {S. orcuttii 
Rose and S. coulteri A. Gray) show higher seed 
retention ability, with only 20-30% of the 
mericarp opening. Coincidentally, these last 
two, more serotinous species are strictly endemic 
to the Sonoran Desert, while all the others have 
wider distributions and have been collected 
largely outside desert environments. Five of these 
desert globemallows are herbaceous perennials 
with the exception of N. coulteri, which is an 
annual species (Baldwin et al. 2002). 

Similarly, Felger (2000) describes differentially 
opening mericarps in the desert mallow Horsfor- 
dia alata (S. Watson) A. Gray (Malvaceae). The 
mericarps in this plant have a lower indehiscent 
chamber that retains seeds until they are dis¬ 
persed with the entire mericarp, and a dehiscent 
upper chamber with one or two loose seeds that 
disperse when the wings of the dry mericarp split 
(Felger 2000). This species is distributed in rocky 
slopes, canyons, and arroyos in the Sonoran 
Desert and Baja California. 

6. Persistent Fruits 

The desert ragweeds {Ambrosia spp., Astera- 
ceae) are monoecious plants with commonly two- 
flowered pistillate capitula that develop into dry, 
spiny, bur-like heads capable of retaining seeds 
for some time (Payne 1962). The white bursage 
{A. dumosa [A. Gray] W. W. Payne) forms small 
hemispherical shrubs with an intricate maze of 
young stems, many of which die during the dry 
season retaining the lignified burs within the 
plant’s canopy often for more than one year 
(Shreve and Wiggins 1964). This species is 
common throughout the driest parts of the 
Sonoran Desert. The armed ragweed {A. bryantii) 
(Fig. 5) grows in the central Gulf Coast region 
in Baja California, Mexico, an area of highly 
unpredictable rainfall patterns. It is a small. 
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Fig. 4. Schizocarp and mericarp of Sphaeralcea coulteri, showing the reticulate portion holding one 
persistent seed. 

perennial shrub bearing woody, spiny heads, 
developed from highly transformed capitula that 
form hard, resistant, flask-shaped involucre cases 
bearing 1-2 achenes, with the tips of the 
phyllaries forming prominent spines. The spiny 
heads remain attached to the plant through 
several growing seasons, retaining seeds within 
the involucres, which “serve the function of 
armature” (Payne 1962). 

In a remarkable case of evolutionary conver¬ 
gence, the Sonoran Desert crucifixion thorns, two 
spiny, leafless woody trees with retamoid mor¬ 
phology (Shmida 1981), show persistent fruits 
that dry out while still attached to the plant, and 
can remain fixed for long periods of time (Felger 
et al, 2001). Castela emoryi (A. Gray) Moran & 
Felger (Simaroubaceae) is an intricately branch¬ 
ed, leafless shrub with large thorns and very hard 
and twisted wood. Its fruit is a one-seeded dry 
and woody drupe (6 mm) with a flat top and a 
rounded base, organized in clusters resembling a 
seven carpel star-like structure that persists for 
several years in the outer branches (Shreve and 
Wiggins 1964; Sanders 1998). It is endemic to the 
Sonoran Desert where summer rainfall is com¬ 
mon or predominant, but extends sparsely into 
the eastern Mojave (Sanders 1998). Similarly, 
Canotia holacantha Torr. (Celastraceae) has 
persistent fruits, fleshy at first “but soon becom¬ 
ing woody capsules with five carpels splitting 
apically into awned valves, each with several 

seeds” (Felger et al. 2001). In the field, capsules 
produced in previous years can be easily identi¬ 
fied because of their differential weathering. This 
species is found in the Sonoran Desert and the 
eastern Mojave. 

Other desert plants within the family Solana- 
ceae develop berries that become dry and 
capsule-like, and are able to retain seed for some 
time. Solarium elaeagnifolium Cav., an introduced 
weedy herbaceous perennial that multiplies by 
rhizomes and root fragments, whose berries often 
persist as dry fruits (1.0-1.5 cm) that commonly 
remain attached to the dead plants. The plants 
sometimes break off at the base of the stem and 
blow in the wind like tumbleweeds. It is a 
successful dry-land ruderal and distributed from 
California to South America (Boyd et al. 1984; 
Baldwin et al. 2002). A related species, Solarium 
hindsianum Benth., is a sparsely branched peren¬ 
nial shrub with round dark and light green fruits 
(2 cm) that dry out in the plant and persist for an, 
unknown period. It grows in arroyos and washes 
in the southern Sonoran Desert (Felger 2000). 

Some desert root-parasites have dry capsules 
that can retain seeds for a season or more. In the 
dunes of the Lower Colorado Valley, the desert 
sandfood Pholisma sonorae (A. Gray) Yatsk. 
(Boraginaceae) forms stem-pads with many 
circumscissile capsules that dry out gradually 
releasing their numerous seeds. Similarly, the 
inflorescences of the desert broomrape {Oro- 
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Fig. 5. Persistent lignified fruit and seed in Ambrosia bryantii. 

banche cooperi [A. Gray] A. Heller; Orobancha- 
ceae) emerge from the sandy desert plains and 
rapidly dry out, leaving behind a stalk with dry, 
two-valve capsules that gradually open from the 
apex slowly releasing their numerous small 
seeds. 

In the cactus family, seed retention seems to be 
a common phenomenon in many desert genera. 
Many species of columnar and barrel cacti in 
different tribes develop spiny-wooly structures 
called cephalia where the fruits can be retained 
for a long time, often to be released or exposed to 
fruit dispersers at the onset of the following rain 
period (Britton and Rose 1923; Bravo-Hollis and 
Sanchez-Mejorada 1991). In the Californian 
deserts Echinocactus polycephalus Engelm. & J. 
M. Bigelow (Cactaceae) forms clusters containing 
6-50 globose-cylindrical stems (23-30 cm in 
diameter each). The tips of the stems harbor 
densely tomentose fruits that dry after matura¬ 
tion. As the fruit dries the apical tip opens 
gradually, allowing dispersal of seeds (Chamber- 
land 1997; Felger 2000; Baldwin et al. 2002). 
Ferocactus Britton & Rose species in the Sonoran 
Desert often retain fruits. Some chollas, such as 
Cylindropuntia cholla (F. A. C. Weber) F. M. 
Knuth distributed in Baja California and Cylin¬ 
dropuntia fulgida (Fngelm.) F. M. Knuth form 
chained fruits and the ones from previous years 
retain viable seeds. 

Serotiny is also common in small, tuberculate 
cacti, mostly in the genus Mammillaria Haw., but 
also in other genera (Bravo-Hollis and Sanchez- 

Mejorada 1991; Anderson 2001). These globose 
cacti often have two modes of seed release: (a) 
they can retain fruits for long periods sunken 
deep within the stem tissue in the axils of the 
tubercles, protected by the spines of the areoles, 
gradually releasing seeds into the environment, or 
(b) during rainy years they can extrude some of 
the fruits, which ripen and turn bright red 
offering their seed content to dispersers (Rodri- 
guez-Ortega et al. 2006; Peters et al. 2008). 
Although there are no studies of fruit retention 
in Californian Mammillaria species, field obser¬ 
vations suggest that these two modes of seed 
dispersal (fruit retention and gradual seed release 
vs. fruit extrusion and cued release) are common 
in some local species such as M. dioica K. 
Brandegee or M. tetrancistra. Fngelm. 

Discussion 

The adaptive significance of seed retention in 
desert plants has been discussed by Fllner and 
Shmida (1981) and van Oudtshoorn and van 
Rooyen (1999). Other, studies have attributed 
different adaptive meaning to serotiny in deserts 
as allowing to: (a) synchronize seed dispersal to 
water availability by releasing seeds to rainfall 
cues (Gutterman and Ginot 1994; Hegazy et al. 
2006); (b) adaptively regulate the amount of seeds 
dispersed depending on the within-season 
amount and frequency of rainfall (Friedman et 
al. 1978; Fllner and Shmida 1981; Peters et al. 
2008); (c) produce an above-ground seedbank 
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with fractional seed release allowing to spread the 
risk of germination over several years (Ellner and 
Shmida 1981; Giinster 1994; Gutterman and 
Ginot 1994; Narita 1998; Rodriguez-Ortega 
2006; Peters et al. 2008); (d) keep seeds enclosed 
in dispersal-restricting seed containers protecting 
them from predation (Ellner and Shmida 1981; 
Narita and Wada 1998); and (e) retain the 
parental site, a proven microhabitat for successful 
establishment (Friedman and Stein 1980; Ellner 
and Shmida 1981; Giinster 1992, 1993; Hegazy 
and Kabiel 2007). 

Serotinous species occur in different deserts of 
the world (e.g., Giinster 1992 for the Namib and 
Gutterman and Ginot 1994 for Israel) where 
common seed retention syndromes observed in 
serotinous species of the Sonoran and Mojave 
deserts, such as basicarpy, amphicarpy, and 
hygrochastic capsules, have also evolved. These 
different dispersal syndromes seem to be related 
to particular geomorphological desert features. 
For instance, Chorizanthe rigida, the most 
common basicarpic winter annual in the Mojave 
and northern Sonoran deserts, grows mainly in 
desert pavements. Coincidentally, other basicar¬ 
pic plants in different world deserts and in 
different families such as Acanthaceae, Astera- 
ceae, and Brassicaceae also seem to establish 
preferentially in pavements (Friedman et al. 1978; 
Ellner and Shmida 1981; Gutterman and Ginot 
1994; Narita and Wada 1998; van Oudtshoorn 
and van Rooyen 1999). Similarly, the lignified 
basket-like structures or “bird-cages” of the 
Onagraceae in mobile sand dunes of the Mojave 
and Sonoran deserts is remarkably convergent 
with the growth morphology of Artemisia L. 
species (Asteraceae) in desert dunes in China (Ma 
et al. 2010). 

Moreover, there seems to be an association 
between the low-lying basicarp plants and winter 
rains, and between taller and erect plants with 
lignified fruits and summer rains. All of the 
basicarpic plants in the floras we reviewed are 
distributed mostly in the Mojave and northern 
Sonoran deserts, where rain falls predominantly 
during winter, while the taller seed retaining 
annuals occur largely in the eastern and southern 
Sonoran Desert outside California, where sum¬ 
mer monsoon rains are important. 

In conclusion, there is a striking convergence 
of dispersal syndromes in distant deserts that are, 
to a large extent, taxonomically unrelated (e.g., 
Ellner and Shmida 1981 and van Oudtshoorn and 
van Rooyen 1999). In the same way as the pulses 
of wildfires have selected seed-retaining plants in 
fire-driven ecosystems, the unpredictable pulses 
of water abundance against a background of 
extreme water scarcity seem to have played an 
important role in the evolution of serotinous 
desert plants. Retaining seeds well protected 
within the lignified maternal tissues, to release 

them later in synchrony with rainfall pulses, can ■: 
be highly advantageous for plants depending on \ 
rare and erratic pulses of water for their survival. 
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Appendix 1 

Serotinous Species in the Mojave and Sonoran Deserts of California Classified According to Their 

Dispersal Syndrome. Information on the family and life-cycle of each species is also provided. Because of the 
lack of data on seed-retention times, species were classified into strongly and weakly serotinous according to the 
toughness and lignification of seed-retaining structures. * In the case of E. boothii the two subspecies that display 
highly lignified capsules are E. boothii subsp. condensata and E. boothii subsp. desertorum. 

Syndrome Family Taxon Life cycle 

Strongly serotinous species 
basicarpy Polygonaceae Chorizanthe rigida winter ephemeral 

Chorizanthe spinosa winter ephemeral 
Onagraceae Tetrapteron palmeri winter ephemeral 

lignified fruits Amaranthaceae Amaranthus crassipes summer ephemeral 
Capparaceae Oxystylis lutea summer ephemeral 

hygrochasy Onagraceae Eremothera boothii * winter ephemeral 
Oenothera deltoides winter ephemeral 
Oenothera primiveris winter ephemeral 

Solanaceae Datura discolor summer ephemeral 
Agavaceae Agave deserti semelparous 

amphicarpy Poaceae Enneapogon desvauxii iteroparous 
Muhlenbergia microsperma non-seasonal ephemeral 

heteromericarps Malvaceae Sphaeralcea orcuttii iteroparous 
Sphaeralcea coulteri winter ephemeral 
Horsfordia alata winter ephemeral 

persistent dry fruits Simaroubaceae Castela emoryi iteroparous 
Celastraceae Canotia holacantha iteroparous 
Cactaceae Echinocactus polycephalus iteroparous 

Mammillaria dioica iteroparous 
Asteraceae Ambrosia dumosa iteroparous 

Ambrosia bryantii iteroparous 
Weakly serotinous species 

heteromericarps Zygophyllaceae Larrea trident at a iteroparous 
Malvaceae Sphaeralcea ambigua iteroparous 

Sphaeralcea angustifolia iteroparous 
Sphaeralcea rusbyi iteroparous 
Sphaeralcea emoryi iteroparous 

persistent dry fruits Solanaceae Solanum elaeagnifolium iteroparous 
Solanum hindsianum iteroparous 

Boraginaceae Pholisma sonorae iteroparous 
Orobanchaceae Orobanche cooperi iteroparous 
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Abstract 

Many fewer species of cacti are native to and thought to be able to survive winters in eastern 
Ontario than in the similarly cold winters of central Colorado. We collected 12 yr of data on 107 
specimens representing 50 cactus species that have been tested outdoors in gardens in the City of 
Ottawa (Canada) and report which have successfully weathered six or more consecutive winters and 
which have not. Some species that we expected to be more successful were not, while a small number 
of species native to considerably warmer environments survived surprisingly well. We review general 
mechanisms for freeze-tolerance in plants, focusing on what is known about cacti in particular. 
Phylogeny does not appear to be important in determining success or failure in cold climates, so we 
explore other possible explanatory factors for differences in survival between Ontario and Colorado. 
Our data indicate that freeze tolerance of cacti in eastern Ontario may be a function of snow cover, 
rather than polyploidy. Colorado’s greater cactus richness may also be a function of its location closer 
to the southwestern deserts’ center of diversity, which would provide a larger pool of potential species 
that could expand to colder regions. More thorough studies of freeze-tolerance over a larger 
geographic range - albeit controlling for growing conditions, using identical clones at multiple sites, 
and determining precise cause of death - will be necessary to reach more definitive conclusions. 

Key Words: Cactaceae, cold tolerance, freeze tolerance, polyploid, snow cover. 

Cacti are native to the Americas, and are found 
largely in the deserts of the western Americas, 
with secondary diversification in eastern Brazil 
(Anderson 2001). Several species are found 
throughout eastern North America and the 
Caribbean and several species are native to 
Canada (Benson 1982; Bernshaw and Bernshaw 
1984; Cota-Sanchez 2002; Hancock 2013). Cacti 
range from 50°S in Santa Cruz, Argentina 
{Austrocactus bertinii (E. Cels ex Herincq) Britton 
& Rose, also see Mourelle and Ezcurra 1996) to 
56°N in Alberta and British Columbia, Canada 
{Opuntia fragilis (Nutt.) Haw.) (Cota-Sanchez 
2002; Gorelick 2015), while some cacti are found 
in habitats over 4000 m in elevation (Kiesling 
1987). Freeze-tolerance should thus be expected, 
and indeed, many species in the cactus family 
(Cactaceae) are freeze-tolerant. A recent horti¬ 
culture book by Leo Chance (2012) describes 
some 200 cactus taxa (which we reduce to 123 

* Contributed equally 

species here, as some are synonyms, subspecies, 
or varieties) that survive unprotected in cultiva¬ 
tion in Colorado Springs, Colorado, with low 
temperatures each year being typically —25° to 
-30°C. 

Typical winter temperatures in Ottawa, Cana¬ 
da, are similar to those in central Colorado. 
However, our current knowledge suggests only 
perhaps 20-30 cactus species can survive unpro¬ 
tected outdoors in Ottawa for at least five years. 
In fact, this number is smaller than the number of 
cacti that are native to the State of Colorado 
(approximately thirty). We compare several 
climate differences between eastern Colorado 
and eastern Ontario. We review reasons why 
only some species survive in the climate of eastern 
Canada. We first review mechanisms that plants, 
and specifically cacti, use to cope with severe 
winter conditions, e.g., low temperatures, freeze/ 
thaw cycles, and levels of snow cover. We present 
twelve years of data on cacti surviving Ottawa 
winters, reporting those with better and worse 
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survival and extend the list of species that can 
survive in Ottawa. 

Physiological Mechanisms That Aid in 

Cold Tolerance 

Freeze-tolerance in most plants is usually via 
the same mechanism as dehydration-tolerance 
(Sakai and Larcher 1987; Close 1997; Thoma- 
show 1999; Wharton 2002). Cold-hardening in 
plants often includes production of proteins 
related to dehydrins (Wharton 2002). Cold- 
hardening proteins in plants are at least some¬ 
times homologous to proteins that provide 
pathogen resistance, especially against pathogen¬ 
ic fungi, but do not appear to be homologous 
with proteins that confer freeze-tolerance in 
animals (Griffith and Yaish 2004), 

As temperatures cool in autumn, many plants 
move water out of cellular spaces. Extra-cellular 
water is typically without many solutes, so it 
freezes long before intra-cellular water. Further¬ 
more there are often many nucleation centers in 
extra-cellular space (Wharton 2002; Vogel 2012). 

Frozen water within cells can rupture mem¬ 
branes, putting the plant at risk of death. Plants 
take several approaches to keep intra-cellular 
water from freezing. Some plants are capable of 
supercooling, where water transitions from a 
liquid to a solid state at some temperature less 
than 0°C, but usually greater than — 40°C (Gusta 
et al. 1983; Sakai and Larcher 1987; Vogel 2012). 
Supercooling does not protect the plant from, 
damage if the temperature drops below the 
supercooling point, but can substantially extend 
freeze protection below 0°C. 

Plant cells accumulate antifreeze solutes, espe¬ 
cially in autumn, which lowers the freezing point 
of water (Sakai and Larcher 1987; Wharton 2002; 
Yadav 2010; Vogel 2012), High concentrations of 
solutes in cells and low concentrations outside 
of cells causes water to move to extra-cellular 
spaces, where it can safely freeze. The freezing 
point is also lowered in some plant cells by 
accumulation of unsaturated fatty acids and 
sugars (Sakai and Larcher 1987; Wharton 2002; 
Gusta et al, 2004) and possibly nucleic acids (Ken 
Storey, personal communication). Plant cells 
can and often manufacture their own sugars, 
lipids, proteins, and nucleic acids during cold 
acclimation. 

“The major adverse effect of cold stress in 
plants has been seen in terms of plasma 
membrane damage. This has been documented 
due to cold stress-induced dehydration (Stepon- 
kus 1984; Steponkus et at. 1993). The plasma 
membrane is made up of lipids” (Yadav 2010, 
p. 517). In addition to the accumulation of 
unsaturated fatty acids in cell membranes, freeze 
tolerance is likely due to production of proteins 
that stabilize membranes. For some proteins, this 

membrane stabilization seems to be due to , 
altering membrane curvature, thereby lowering • 
temperature of membrane phase transitions from ! 
lamellar to hexagonal II (Thomashow 1999). 
Lamellar membranes are a simple flat bilayer or a ■ 
relatively even stack of multiple such bilayers, ■ 
like a stack of pancakes. Hexagonal 11 mem¬ 
branes are a hexagonally packed array of lipid 
tubes in which each tube is a simple bilayer that is 
oriented perpendicularly to the previous lamellar ; 
membrane (Siegel and Epand 1997). 

Chen et al. (1983) claimed that freeze tolerant ; 
plants have elevated abscisic acid (ABA) levels j 
for a day or so following cold acclimation, : 
whereas more tender sister taxa do not. Further- ^ 
more, freeze-intolerant species become freeze ; 
tolerant when injected with ABA. However, , 
Thomashow (1999) expressed doubts about the , 
role played by ABA, due to the transient nature : 
of the effect. Nonetheless there are hints that 
ABA affects lipid metabolism and thereby has an , 
effect on membranes (Farkas et al, 1985). ; 

Once most water is moved outside of cells, any j 
remaining water in cells is usually tightly bound | 
to the endoplasmic reticulum, so is not really i 
freezable (Wharton 2002; Vogel 2012). Instead, ' 
such tightly bound water undergoes vitrification, i 
i.e., becomes glass-like. i 

Freeze tolerance also can be a function of 
detoxification of reactive oxygen species (Yadav > 
2010), although we do not know the mechanisms j 
by which free radicals are mopped up. 

Freeze tolerance seems to be a quantitative i 
trait due to many genes on all chromosomes. ■ 
Freeze tolerance takes time - acclimation to ^ 
colder but not very cold temperatures (Gusta et 
al. 2004). Transcript levels of freeze tolerance ; 
genes increase dramatically within 15 minutes of ‘ 
cold exposure for some genes and within two j 
hours for others (Thomashow 1999). ; 

Cold Tolerance in Cacti 

There is little literature specifically relating to 
fr-eeze-tolerance in cacti, and most of that was out ■ 
of Park Nobel’s lab from 1980-1995 (Nobel 1980, 
1981, 1982, 1988; Loik and Nobel 1991, 1993; 
Goldstein and Nobel 1994; Nobel et al. 1995) and ’ 
their lab’s method for inducing freezing was 
somewhat artificial. See Table 4.2 on page 107 of i 
Nobel (1988) for a summary of low-temperature 
tolerances for 18 species of cacti. However, see ^ 
the cautionary note on pages 1892-1893 of 
Ishikawa and Gusta (1996) regarding how ; 
Nobel’s technique may have underestimated ' 
levels of cold-tolerance. Loik and Nobel (1993) | 
estimated freeze-tolerance in environmental 
growth chambers and measured survival rates 
(LTo and LT50) by staining chlorenchyma cells 
with neutral red dye. Ishikawa and Gusta (1996) . 
estimated freeze-tolerance in natural conditions 
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and measured survival rate by looking for 
necrotic tissue. We do not attempt to establish 
methodological effectiveness here, but note that 
visible necrosis can take considerable time to 
become visible in freeze-damaged specimens of 
Carnegiea gigantea (Engelm.) Britton & Rose 
(Steenbergh and Lowe 1977). 

If cold-hardening (an odd term insofar as the 
tissues don’t always get physically harder; see the 
following paragraph) is applicable in cacti, these 
mechanisms should facilitate living in xeric 
environs. This highlights that the key to freeze- 
tolerance is properly dealing with water, possibly 
keeping intracellular water from freezing. Loss of 
water from cells is evident in many cacti in winter, 
such as the relatively flaccid shoots in freeze- 
tolerant species of Opuntia Milk, Cylindropuntia 
(Engelm.) F.M. Knuth, and Echinocereus Engelm. 
However shoots of other freeze-tolerant cacti 
remain relatively turgid in winter, such as species 
of Pediocactus Britton & Rose and Maihuenia 
Phil. Supercooling has not been documented in 
cacti, but might be sufficient to prevent damage in 
Ottawa, where the lowest temperatures usually 
are only around — 30°C to — 35°C. 

The hardening aspects of cold-hardening have 
been quantified in Opuntia fragilis (Nutt.) Haw. 
(Ishikawa and Gusta 1996). Between 6 September 
and 10 October, they lowered ambient tempera¬ 
ture from — 7°C to — 50°C. On 6 September, 
water content was 5.38% of dry weight of 
cladodes; on 10 October water content was 
2.63% of dry weight - a diminution of roughly 
half the water - and cladode diameter was 
reduced by 30%. 

Vitrification must be at play in the far-northern 
prickly pear Opuntia fragilis because shoots 
successfully weathered an hour in liquid nitrogen, 
at --196°C after the plant had been cold- 
acclimated to —40°C (Luyet and Thoennes 
1938; Ishikawa and Gusta 1996). 

Opuntia ficus-indica (L.) Mill, produces cold- 
shock proteins (Somers et al. 1991). This is an 
indication that such proteins occur in other cacti, 
at least in opuntioids, especially since O. ficus- 
indica is not very cold tolerant, perishing to about 
-9°C (Nobel 1988). 

Freeze-tolerance can also be drastically differ¬ 
ent between populations. The temperature at 
which half the cladodes of O. polyacantha Haw. 
died (LT50) was — 17°C from a population in 
southern Wyoming (Nobel 1982) and — 55°C for 
a population from Saskatchewan (Ishikawa and 
Gusta 1996). However, these two different LT50 

values may be due to different methods for 
measuring freeze-tolerance. 

Below, we report freeze-tolerance for cacti as 
a binary variable - did plants survive winters or 
not - for a pair of sites in the city of Ottawa over 
several years. We have not tried to ascertain 
specific cause of death (e.g., cells lysing, extensive 

microbial infestations in wet springs, etc.). While 
beyond the scope of this paper, a more thorough 
study might examine multiple clones cultivated 
across multiple geographic locations in North 
America, all sites with the identical soils, light 
exposure, and even similar overhead effects from 
nearby trees and buildings that can ameliorate 
radiation frost (a.k.a. hoarfrost) (Jordan and 
Smith 1995). 

Data and Analyses 

A variety of species are already known to 
survive in Ottawa including the native Canadian 
species {Coryphantha vivipara, Opuntia X Columbi¬ 
ana, O. fragilis, O. humifusa, O. polyacantha). We 
carried out a preliminary assessment of survival 
on 50 species, planting 107 specimens and 
documenting year of death over a period of 
twelve years. Two of us (RG, KH) live in Ottawa 
and have carried out the plantings and mainte¬ 
nance of the described taxa, and here we report 
which species were more or less successful 
surviving Ottawa’s winters (Table 1). In many 
cases we confirmed that infraspecific ranks 
(subspecies, variety) of a given species are also 
hardy in Ottawa. We also confirmed the hardiness 
of all native Canadian species as able to live in 
Ottawa, with plant material derived from several 
native habitats (Hancock 2013). We largely follow 
the nomenclature of the Flora of North America 
(Parfitt and Gibson 2003) and the New Cactus 
Lexicon (Hunt et al. 2006). Freeze-tolerant cacti in 
Ottawa include the following species, which have 
each weathered at least six successive winters: 

Maihueniodieae 

Mauihenia patagonica Britton & Rose 
Maihuenia poeppigii F.A.C. Weber 

Opuntioideae 

Cylindropuntia imbricata (Haw.) F.M. Knuth 
Cylindropuntia whipplei (Engelm. & J.M. Bige¬ 

low) F.M. Knuth 
Opuntia arenaria Englem. [= O. polyacantha 

var. arenaria (Engelm.) B.D. Parfitt] 
Opuntia aurea E.M. Baxter 
Opuntia X columbiana Griffiths (pro. sp.) 
Opuntia fragilis (Nutt.) Haw. 
Opuntia humifusa Raf. 
Opuntia macrorhiza Engelm. 
Opuntia phaeacantha Engelm. 
Opuntia polyacantha Haw. 
Opuntia tortispina Engelm. & J.M. Bigelow [— 

O. cymochila Engelm. & J.M. Bigelow] 

Cactoideae 

Coryphantha sneedii (Britton & Rose) A. 
Berger 

Coryphantha vivipara (Nutt.) Britton & Rose 



36 MADRONO [VoL 62 

Echinocereus reichenbachii (Terscheck) Britton 
& Rose 

Echinocereus triglochidiatus Engelm. 
Pediocactus knowltonii L.D. Benson 
Pediocactus simpsonii (Englem.) Britton & 

Rose 
Pediocactus winkieri K.D. Heil 

Where known, Table 1 provides geographic 
locality information for where seeds or cladodes 
were collected and plant collector field numbers. 
This gives some indication of minimum winter 
temperatures and cumulative annual snowfall in 
the plant's native ranges, which may be particu¬ 
larly important for wide-ranging species such as 
Opuntia fragilis, O. polyacantha, O. humifusa, 
Coryphantha vivipara, and Pediocactus simpsonii, 
the first four of which are native to Canada as 
well as the southwestern U.S. Collection numbers 
may be useful because we subsumed several 
varieties under the more inclusive species rank. 
For example, we subsumed under Pediocactus 
simpsonii the following varieties: Pediocactus 
simpsonii var. indraianus Hochstatter, P. simpso¬ 
nii var. minor Cockerell, P. simpsonii var. 
nigrispinus Hochstatter, and P. simpsonii var. 
robustior (J.M. Coulter) Hochstatter, Readers 
wishing to segregate out varieties and subspecies 
of many of the species we report will be able to do 
so using the collection numbers (see for example, 
Christophe Ludwig’s website http://cludwigfr. 
dyndns.org/contact.asp?Lang=en or Ralph Mar¬ 
tins website http://ralph.cs.cf.ac.uk/Cacti/fieldno, 
html) and location of origin data we present in 
Table 1. This table also lists species that did not 
survive multiple winters in Ottawa. 

Table 1 provides additional information on 
what year individual plants were first grown 
outdoors in Ottawa and during which winter they 
perished. Each individual plant, likely different 
clones, is represented by a separate line. We do 
not have information on geographic origin nor 
collection number for many of these plants. 

The species evaluated in this paper were all 
grown in the Ottawa suburban gardens of two of 
us (RG and KH), one in the Alta Vista sub¬ 
division (south central Ottawa) and one in the 
Ryan Farm sub-division (in the west Ottawa 
ward of Nepean). In both gardens, plants grew 
on well-drained sand and were not protected in 
any way, at any time. However any leaves that 
blew onto them in the fall were removed before 
winter to preclude rot during winter or spring 
thaws. The cacti were left to grow naturally and 
were not fertilized, watered, nor covered. Those 
in the Alta Vista sub-division were in a single 
raised open bed of 30 cm of medium grained sand 
with access to the sun for most of the day, save 
for occasional shade of surrounding sugar 
maples. The garden in the Ryan Farm sub¬ 
division had two hardy cactus beds. One is south 

facing and adjacent to an unheated garage on a , 
slope to the east. The second in the Ryan Farm [ 
subdivision was a raised west facing bed on level : 
ground, adjacent to an unheated shed. Both beds ’ 
had good access to the sun. 

Some cacti have been identified, either in the 
literature or anecdotally, as being freeze-tolerant . 
at temperatures commonly considered to be 
typical of Ottawa winters (e.g., —25° to — 30°C), 
yet we have not found all of those to be successful i; 
in Ottawa. Often we have made multiple attempts : 
to grow a given species without success, thus docu- - 
menting the winter demise of specimens considered ' 
to be potentially freeze-tolerant. j 

We also compared winter climate differences ; 
between Ottawa, Canada, and eastern Colorado : 
(Plant Hardiness Zone 5), the region of interest ■ 
highlighted by Chance (2012). We obtained data ; 
for Ottawa MacDonald-Cartier International : 
Airport (45.3225°N, 75,6692°W, at 114 m eleva- , 
tion) from Environment Canada. For Colorado, j 
we obtained data for Colorado Springs Munic- i 
ipal Airport, CO US (38.810°N, 104.688°W, at | 
1884 meters elevation) from the National Cli- ; 
matic Data Center (NCDC, NOAA). For both i 
locations we obtained data for Monthly Climate : 
Normals from 1981-2010 (Table 2). ' 

Mean minimum daily temperatures are a few | 
degrees colder in Ottawa than Colorado Springs, I 
with a nearly 7°C gap in January (Table 2). | 
Minimum temperatures at both locations fail i 
below freezing nearly every day during the winter I 
months. Perhaps the most dramatic difference in i 
the climate of these two locations is the difference i 
in snowfall and resulting accumulation. Colorado i 
Springs receives (on average) less than 15 cm of : 
snow during each of December, January, and ; 
February, while Ottawa receives over 50 cm, on ! 
average, in December and in January, and over j 
40 cm in February, resulting in very few days i 
with appreciable snow cover in Colorado Springs ! 
(Table 2). In Ottawa, appreciable snow accumu- ! 
lation occurs in well over 50% of days during ! 
these three months. The wetness of the snow in ; 
Ottawa versus Colorado Springs is difficult to I 
judge, particularly as it is highly variable ; 
throughout a season, across storms, and across ; 
years. Colorado may have 20:1 events (20 cm of ! 
snow to one cm of water), or 8:1 events, and : 
Ottawa has even wetter snow events. The likely ! 
gross averages are perhaps 15:1 in Colorado ; 
Springs and 12:1 in Ottawa, with Ottawa having : 
wetter snow. ; 

Not only should winter precipitation matter, j 
but also so might summer precipitation. Most 
cacti are native to regions with summer rains, ! 
However, a few are from areas with mostly winter ' 
precipitation. The two species of Maihuenia J 
provide a tantalizing anecdotal example. While j 
both species survive in Ottawa, a place in which 
all seasons are wet, M. poeppigii grows far more 

i 
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Table 2. Comparison of Winter Conditions in Ottawa (Ontario, Canada) and Colorado Springs 

(Colorado, United States) from Climate Normals for the Period 1981-2010. Temperatures are given in 
degrees Celsius (°C) and snowfall and snow depth in cm. Because the Ottawa data come from Environment 
Canada, which reports values in cm for snow depth, while Colorado data come from the National Climatic Data 
Center which reports values in inches, the lower half of the table shows values for mean number of days with snow 
depths greater than 5 and 10 cm for Ottawa, while we provide number of days with snow depth greater than 7.6 cm 
(3 inches) for Colorado Springs (the two inch threshold is not provided in the normals output) for comparison. We 
also provide the frequencies for the even lower threshold of greater than 1 inch (2.5 cm) for Colorado Springs for 
comparison. The latitude and longitude and other station information for both sites are provided in the text. 

Variable Ottawa Colorado Springs 

Mean Min Daily Temp (°C) 

Dec -10.1 -8.1 
Jan -14.8 -7.9 
Feb -12.8 -6.9 

Mean number days Min < 0°C 

Dec 29.6 29.6 
Jan 30.1 29.7 
Feb 27.1 26.5 

Mean Monthly Snowfall (cm) 

Dec 52.5 14.5 
Jan 53.9 14.2 
Feb 43.3 12.4 

Mean number days with snow depth: >5 cm (>10 cm) >2.5 cm (>7.6 cm) 

Dec 19.7 (15) 6.4 (2.2) 
Jan 29 (25.4) 5.6 (1.7) 
Feb 27.3 (25.6) 4.3 (1.3) 

vigorously in Ottawa than does M. patagonica. In 
their native habitats, M. poeppigii comes from 
areas of summer rains and often grows along 
rivulets, whereas M. patagonica is never remotely 
riparian and grows in areas with almost no 
summer rains (Roberto Kiesling, personal com¬ 
munication). This highlights a weakness of only 
examining the binary variable of survival in 
gauging cold-tolerance. Below, we discuss other 
explanations for differences in richness of cactus 
species that survive in Colorado versus Ottawa. 

Phylogeny 

The cactus species that survive unprotected in 
Ottawa represent three of the four subfamilies of 
the Cactaceae (Maihuenioideae, Opuntioideae, 
and Cactoideae, Table 1), so it is unlikely that 
there is phylogenetic signal in freeze-tolerance in 
Ottawa. The fourth subfamily, Pereskioideae, is 
monogeneric and fairly tropical, and no species 
of this group survive either in Colorado or 
Ottawa. Lack of phylogenetic signal seems 
typical for freeze-tolerance in animals as well, in 
which animal species with relatives from milder 
climates survive in surprisingly cold environ¬ 
ments, i.e., it is nigh impossible to predict 
freeze-tolerance of a given animal species by 
knowing freeze-tolerance or lack thereof of 
related species (Ken Storey, personal communi¬ 
cation). 

Size, Freeze Tolerance, and Snow Cover 

There are some massive cacti that regularly 
survive freezing, especially some of the ceroid 
species in the Andean foothills, such as Tricho- 
cereus atacamensis (Phil.) W.T. Marshall & T.M. 
Bock subsp. pasacanus (F.A.C. Weber ex Riim- 
pler) F. Ritter, Trichocereus poco Backeberg, and 
the somewhat smaller Oreocereus celsianus (Salm- 
Dyck) A. Berger ex Riccob., which survive above 
4000 m elevation. The cacti that survive in 
Ottawa are much less massive, but may still be 
as much as 1.5 m tall (e.g., Cylindropuntia 
imbricata). The larger size and mass of these 
species may be advantageous to surviving colder 
conditions generally (Nobel 2002). While not 
quite as large, Pediocactus simpsonii shoots can 
be softball sized and Maihuenia clumps can grow 
to over a meter in diameter. Other species that 
survive in Ottawa are truly diminutive, such as 
Pediocactus knowltonii and P. winkleri. Size does 
not seem to be a limiting factor in whether cacti 
can survive the cold and wet environs of eastern 
Canada. 

Some northern Opuntia species may grow 
lower to the ground (more decumbent) in order 
to benefit from a covering of snow, which 
ameliorates extreme ambient temperatures (e.g., 
Cota-Sanchez 2002). Freeze-thaw cycles may also 
contribute to death. Given that all species that 
survived in Ottawa were low-lying, except Cylin- 
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dropuntia spp., snow cover may be promoting 
survival. In subtropical deserts, many cacti rely 
on nurse plants for protection from cold weather 
(Drezner and Garrity 2003). The importance of 
nurse associations for cacti in Canada are not 
well known (though heavy shade is detrimental 
[VanDerWal et al. 2007]). Nurse plants can 
localize rain waters vis-a-vis drip lines and 
provide protection from radiation frost. 

Two species surprised us by their freeze 
tolerance in Ottawa: Coryphantha sneedii and 
Opuntia arenaria. Both are from the Franklin and 
Organ Mountains between El Paso, Texas and 
Las Cruces, New Mexico, which is not a 
particularly cold or snowy region. Why there 
are not more species native to southern Ontario 
(such as low-lying ones) is unclear. Perhaps there 
is still too little snow cover and temperatures too 
low in some areas. The reason for lack of native 
cacti in Ottawa and in Canada is unclear, though 
the lower temperatures are likely compensated 
for by greater snow coverage and protection for 
low-lying species. Even Cylindropuntia imbricata 
is mostly or entirely snow covered for much of 
Ottawa’s winters. 

Ploidy, Range and Geography 

The most freeze-tolerant cactus seems to be O. 
fragilis, which is also native to the most northern 
habitats. This species probably has the largest 
range of any cactus (excepting the epiphytic 
Rhipsalis baccifera (Sol.) Steam, the only cactus 
to have made it to the eastern hemisphere 
possibly without the aid of humans). Cold 
acclimated O. fragilis easily survives — 50°C, 
and half the cladodes survive both — 70°C for 
one hour without cold acclimation and, after cold 
acclimation, for one-hour of immersion at 
— 196°C (Ishikawa and Gusta 1996). All cladodes 
of O. polyacantha, which has a slightly smaller 
range than O. fragilis, survived at —40°C and half 
survived at — 55°C (Ishikawa and Gusta 1996). 

Opuntia fragilis and O. polyacantha tolerate a 
large range of climatic conditions evidenced by 
their extensive geographic ranges. Their tolerance 
to extreme temperatures appears to be better 
developed than their tolerance to precipitation 
variability. Habitat niche modeling for O. fragilis 
suggests that large fluctuations in precipitation 
may be limiting its distribution (Majure and 
Ribbens 2012). Some Canadian opuntioids, 
which are all in Opuntia, are native to counties 
with somewhat higher rainfall than typical for 
cacti. However, the native opuntioids of Canada 
generally show a preference for dry microsites. 
Opuntia humifusa has been studied in various 
populations and is consistently found in sandy 
and well-drained soil and xeric microsites and in 
areas with relatively high light levels (it tends to 
be less successful in more shaded areas), as has 

been documented throughout its range such as in 
Florida (Abrahamson and Rubinstein 1976; 
Greenberg et al. 1994), Tennessee (Baskin and 
Baskin 1977), New Jersey (Hanks and Fair- 
brothers 1969), and Ohio (Jennings 1908; Noelle 
and Blackwell 1972). Similarly, in southeastern 
Manitoba, Canada, O. fragilis is associated with 
bare soil and xeric to highly xeric conditions, and 
areas with high light intensity (Frego and 
Staniforth 1985, 1986) and is found in high light 
microsites and on well-drained substrate, includ¬ 
ing granitic outcrops in disjunct populations 
(including the Kaladar, Ontario population), 
despite its distribution in short or mixed grass 
prairie in the more central portions of its range 
(Staniforth and Frego 2000). Opuntia polyacantha 
is also distributed in relatively dry microsites in 
the prairies, as is Coryphantha vivipara (Coupland 
1950; Maw and Molloy 1980). Thus, while they 
are broadly distributed in humid climates, they 
are most successful in sunny dry habitats. 
Further, although Opuntia species are CAM 
photosynthesizers, O. humifusa stomata are open 
more when humidity is higher (Conde and 
Kramer 1975). 

While our focus is on the colder/polar portion 
of ranges, we would be remiss to not mention 
that there are equally warm/equatorial range 
limits for these cactus species. Despite several 
attempts, one of us (RG) could never cultivate 
any species of Pediocactus in Tempe, Arizona. 
This makes it even more remarkable that 
Coryphantha sneedii - collections that were native 
to the area between El Paso, Texas and Las 
Cruces, New Mexico - seem to thrive in 
cultivation in the two low elevation environments 
of Tempe, Arizona and Ottawa, Ontario. Al¬ 
though, to our surprise, the higher elevation 
subspecies C sneedii var. leei [SB 397] did not 
survive in either of our yards. Similarly, the most 
northerly cactus, Opuntia fragilis, which has been 
collected as far as 56°17'N near the Beatton 
River east-northeast of Fort St. Johns, British 
Columbia (Gorelick 2015) is also native at least 
as far south as 36°20'N in the grasslands of the 
Texas panhandle (Benson 1982). Opuntia fragilis 
has also been documented as surviving unpro¬ 
tected in cultivation as far north as Ivalo, Finland 
at 68°40'N (Persson 1991). Opuntia polyacantha 
has a similarly large native range, from 52°26'N 
near Unity, Saskatchewan to 30°18'N in north¬ 
western Brewster County, Texas (Benson 1982), 
but seemingly not in Mexico (Pinkava 2004, 
unless one counts Opuntia arenaria as a variety of 
O. polyacantha). 

Only five cactus species are native to Canada: 
Coryphantha vivipara, Opuntia X columbiana, O. 

fragilis, O. humifusa, and O. polyacantha (Bern- 
shaw and Bernshaw 1984; Cota-Sanchez 2002) 
(although, oddly, neither paper lists O. X 

Columbiana as being native to Canada). O. fragilis 
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is usually hexaploid (Pinkava et al. 1977, but see 
next paragraph); Coryphantha vivipara is tetra- 
ploid (Pinkava et al. 1992); O. humifusa is usually 
tetraploid (Marcucci and Tornadore 1997, but 
see next paragraph); O. polyacantha is diploid 
(Powell and Weedin 2001); we have not seen 
chromosome counts for O. X columbiana (Gold- 
blatt and Johnson 1979-present, 2010). Polyploi¬ 
dy is relatively rare in cacti and, in fact, 
polyploidy is not known from the other fourteen 
species that survive Ottawa winters (Goldblatt 
and Johnson 1979-present, 2010). There is a 
tenuous positive correlation between freeze-tol¬ 
erance and ploidy levels (Cota-Sanchez 2002). 

Recent work shows that O. humifusa is diploid 
in the more southern parts of its range, as is O. 
fragilis (Majure et al. 2012). The humifusa clade 
has both diploid and polyploid members in 
southeastern and southwestern US, but northern 
populations are exclusively polyploid (Majure 
et al. 2012). Majure et al. (2012) suggest that 
southeastern and southwestern U.S. served as 
glacial refugia and the polyploids spread north¬ 
ward following the Wisconsin maximum and that 
polyploids may have formed as a result of 
repeated contact between the two southern 
refugia during the oscillating glacial and inter¬ 
glacial periods. They note that while the ability of 
northern populations to withstand cold temper¬ 
atures has been documented, the cold tolerance 
of diploid taxa is untested and unknown, though 
some of the northern polyploid populations may 
be more cold resistant than the diploid taxa they 
likely developed from (Majure et al. 2012). 

Antithetically, higher ploidy levels means 
larger cells (Masterson 1994; Gorelick 2009), 
which makes freeze tolerance less likely insofar as 
it becomes more difficult to quickly move water 
out of large cells than small cells. But polyploidy 
is often correlated with geographical partheno¬ 
genesis (Vandel 1928) and polyploidy seems to be 
neither adaptive nor necessarily maladaptive 
(Gorelick and Olson 2013). What is striking here 
is that not all cactus species may be purging water 
from their cells in autumn, as indicated by the 
turgid state of winter shoots of Maihuenia, 
Coryphantha, and Pediocactus in Ottawa. And 
those that do become less turgid in autumn, such 
as the Opuntioideae, may still retain lots of water 
in their cells because of cell size. Even Opuntia 
fragilis after cold acclimation is still three- 
quarters water and one-quarter dry weight 

( 2 63 \ 
1 +2 63 j (Ishikawa and Gusta 1996). 

Conclusions 

More cactus species can live and survive 
unassisted through Ottawa’s very cold winters 
than was currently recognized. We created a list 
of twenty species that are known to survive in 

Ottawa, demonstrating that there are clearly 
adaptations for survival of extreme winter 
climates in the family. We also reported some ; 
perhaps surprising failures of species that we 
expected would be successful. In many cases the 
successful species are low-lying ones that are able 
to survive Ottawa’s winters. In some cases, even 
species from native climates where success in i 
Ottawa would seem improbable at the outset 
survived, such as species endemic to west Texas 
and southern New Mexico {Coryphantha sneedii, 
Opuntia arenaria). Some climatic insulation from , 
snow cover is likely. We note that these specimens 
were grown in fairly uncontrolled conditions in 
Ottawa. 

In terms of geography and weather, the closest 
published list of cold-hardy cacti was from 
central Connecticut (Spain 1997). But Spain 
(1997) reported very different results from us. 
Spain (1997) claimed that the most cold-hardy 
cactus in central Connecticut was Coryphantha 
missouriensis, a plant that we had difficulties with 
in Ottawa. By contrast, Spain (1997) reported 
that Coryphantha sneedii and Pediocactus simp- 
sonii were only marginally hardy in Connecticut, 
yet those two species and Pediocactus knowltonii 
seem to be the most cold-hardy Cactoideae in 
Ottawa. Spain (1997) claimed to have never been 
successful with any South American native cacti 
grown outdoors in Connecticut, but we have 
successfully grown both species of Maihuenia in 
Ottawa for several years. The differences between 
his results and ours may be due to his cultivating 
different clones from what we have, noting that 
there is no doubt that he is a far better 
horticulturist than we are. For instance, the clone 
of Maihuenia poeppigii that has done so well in 
Ottawa was from a plant collected at 1650 m 
elevation, which is modestly high for a species 
that ranges from sea level to 2200 m, albeit rarely 
over 2000 m (Leuenberger 1997). 

We considered why Colorado has so many 
more native species than eastern Ontario, despite 
both having similar winter temperatures. Possible 
reasons for more species in Colorado may be 
related to basic geographic considerations such as 
potential source regions. Colorado is far closer to 
one of the main diversity centers of the Cacta- 
ceae, i.e., Mexico (Ortega-Baes and Godinez- 
Alvarez 2006); Mexico has the highest number of 
cactus species of any country (660 species, 46 
genera), and the highest number of endemics 
(Ortega-Baes and Godinez-Alvarez 2006). Far 
fewer species are found in the northern United 
States along the Canadian border. Species 
occurrence and abundance is directly a function 
of migration distance. Other possible reasons for 
the paucity of cacti in Eastern Ontario include 
that winter temperatures are colder in Ottawa 
than Colorado Springs. Snow coverage may be 
beneficial, but perhaps snow coverage, while far 
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greater in Ottawa than in Colorado, is still 
sufficiently intermittent across eastern Ontario 
in space and/or in time, which could limit 
dispersal of species into the region that cannot 
withstand Canadian winters without more reli¬ 
able snow coverage. However this point is 
uncertain because Colorado’s winter tempera¬ 
tures are only somewhat warmer than Ottawa’s 
and snow cover appears to be inconsequential in 
Colorado Springs (e.g., Table 2). There is also the 
possibility that the principal factor(s) affecting 
cold-tolerance will be different in different 
geographic regions. Thus, Eric Ribbens (personal 
communication) suspects that east of the 95th 
meridian, where it is relatively wet, Opuntia 
fragilis is limited in the southern part of its range 
by too many freeze-thaw cycles for the plant (not 
necessarily number of freeze-thaw cycles for the 
ambient air temperature above any snow). Thus 
the southern range limit east of the Missouri 
River is at about 42°N in northeastern Iowa and 
northwestern Illinois. And the cladodes on many 
of these plants, which are few and far between, in 
Iowa and Jo Daviess County, Illinois, are 
necrotic, with roughly 20% of the cladodes in 
Buchanan County, Iowa being dead (Eric Rib¬ 
bens, personal communication). By contrast, west 
of the 100th meridian, where it is much drier, the 
southern range limit of O. fragilis is much farther 
south and possibly limited by the need for cold in 
winter. Out west, the southern range limit of O. 
fragilis is about 36°N in northeastern Arizona, 
northwestern New Mexico and the Texas pan¬ 
handle (Correll & Johnson 1970; Pinkava 2004; 
Ribbens 2008). Plants at the southern edge of the 
range west of the 100th meridian usually look 
healthy. And, if O. fragilis var. brachyarthra 
(Englemann & Bigelow) J.M. Coulter is consid¬ 
ered a valid form of this species, then the species 
range extends as far south as 32°40'N in southern 
Pinal County, near San Manuel, Arizona (Ben¬ 
son 1982). Also out west, at the northern range 
limit of all cacti, near the towns of Fort St. John, 
British Columbia and Peace River, Alberta. 
Opuntia fragilis is apparently abundant and 
healthy (Bernshaw and Bernshaw 1984; Gorelick 
2015). 

Phylogeny does not appear to play a role is 
winter survivorship of cacti. Perhaps microsite 
availability and dispersal ability to suitable 
habitats is important. Many cactus species, even 
those native to mesic environments, are distrib¬ 
uted in sunny, well-drained, xeric microsites, 
without occupying vast expanses of their natural 
‘range’. The list of twenty hardy cactus species we 
present here is based on our experience with select 
species. There are other species, such as some 
high-altitude cacti that may be able to survive in 
Ottawa, such as Tunilla corrugata (Salm-Dyck) 
D.H. Hunt & Iliff and Maihueniopsis glomerata 
(Haw.) R. Kiesling, but these have not yet been 

tested. Many of the high elevation cactus species 
from Argentina and neighboring countries, such 
as Oreocereus (A. Berger) Riccob., perish with 
even modest amounts of precipitation (Kiesling 
1987). But still some Andean and Patagonian 
cacti might be worth trying to cultivate in Ottawa 
and other cold, wet climates in an attempt to see 
what the climatological limits for these plants 
really are. 
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Abstract 

As a result of the author's doctoral biosystematic study of the genus Cylindropuntia in Baja 
California, plus subsequent field exploration and continued taxonomic research on the flora of this 
region in northwestern Mexico, various new cactus taxa have been discovered. Seven new cacti 
including six chollas {Cylindropuntia alcahes (F. A. C. Weber) F. M. Knuth var. gigantensis Rebman, 
C alcahes var. mcgiilii Rebman, C cedrosensis Rebman, C. ganderi (C. B. Wolf) Rebman & Pinkava 
var. catavinensis Rebman, C libertadensis Rebman, and C waltoniorum Rebman) and one new species 
of prickly-pear (Opuntia clarkiorum Rebman) endemic to the Baja California peninsula and adjacent 
islands are described here for the first time. Distribution, associated vegetation, rarity, affinities to 
other related species, botanical illustrations, and various keys for identification of these cacti in the 
region are also presented. 

Resumen 

Como resultado del estudio biosistematico doctoral del autor del genero de Cylindropuntia en Baja 
California, mas exploracion de campo y la posterior investigacion taxonomica continua en la flora en 
el eoroeste de Mexico, se han descubierto varies taxones de cactus endemica de esta region. Siete 
nuevos cactaceas incluyiendo seis chollas {Cylindropuntia alcahes (F. A. C. Weber) F. M. Knuth var. 
gigantensis Rebman, C. alcahes var. mcgiilii Rebman, C cedrosensis Rebman, C ganderi (C. B. Wolf) 
Rebman & Pinkava var. catavinensis Rebman, C. libertadensis Rebman, y C waltoniorum. Rebman) y 
una nueva especie de nopal {Opuntia clarkiorum Rebman) endemica de la peninsula de Baja California 
y las islas adyacentes se describen aqui por primera vez. Se presentan la distribucion, vegetacion 
asociada, rareza, afinidad con otras especies en el genero, ilustraciones botanicas del nuevos taxones, y 
varias claves por la identificacion de estos cactaceas en la region. 

Key Words: Baja California, Cactaceae, cacti, Cylindropuntia, Opuntia, Mexico. 

Baja California is comprised of two Mexican 
states (Baja California and Baja California Sur) 
that are politically divided at the 28th parallel. 
These states comprise the Baja California penin¬ 
sula and its adjacent islands located in both the 
Gulf of California (Sea of Cortes) and the Pacific 
Ocean. This region supports a wealth of plant 
species diversity. It was estimated by Wiggins 
(1980) that 2958 total taxa and 686 endemic 
species occur in Baja California, but recent plant 
discoveries and a more complete overview of the 
literature and herbaria research suggests that the 
flora probably consists of more than 4500 plant 
taxa with a rate of endemism closer to 30%. The 
Cactaceae is a dominant and diverse component 
in most areas and plant communities of Baja 
California, According to Rebman (2001), the 
Cactaceae of Baja California are represented by 
15 genera, 104 species, and 129 total taxa. Of 
these, 71 species and 92 taxa are endemic to the 
region, a 68.3% endemism rate for species, and 
71.3% for all cactus taxa. The genus Opuntia 
Miller sensu lato in Baja California (including 
Grusonia K. Schum, {Corynopuntia F. M. Knuth 
to some authors), Cylindropuntia (Engelm.) F. M. 

Knuth, and Opuntia sensu s trie to) was considered 
to have the highest number of overall taxa (41) in 
the region before it was split into three genera by 
Anderson (2001). 

The Baja California peninsula and its adjacent 
Pacific and Gulf islands are found to contain 21 ' 
species (29 taxa) of Cylindropuntia (see Appendix 
1'), of which 12 (18 taxa) or 57.1% (62.1% of taxa) 
are endemic. This high variation of chollas makes 
Baja California the region with the greatest 
taxonomic diversity of the genus Cylindropuntia , 
and most likely reflects the influence of past 
geological events, habitat diversity, desert pock™ 
eting, and isolation in the region during the i 
Pleistocene, as well as past and present floristic ; 
associations. This paper describes six new cholla j 
taxa {Cylindropuntia alcahes (F. A. C. Weber) F. , 
M. Knuth var. gigantensis Rebman, C alcahes I 
var. mcgiilii Rebman, C. cedrosensis Rebman, C , 
ganderi (C. B. Wolf) Rebman & Pinkava var. 
catavinensis Rebman, C. libertadensis Rebman, 
and C waltoniorum Rebman) and one new 
species of prickly-pear (Opuntia clarkiorum Reb¬ 
man). In Baja California, chromosome studies i 
(Rebman 1995) indicate that 67% of cholla taxa ' 
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are diploid, but some occasionally have putative 
autopolyploid individuals. If these autopolyploid 
taxa are considered, then up to 52% of the taxa 
have all or some members with polyploid counts. 
The range of euploidy varies from 2x to 8x (x = 
11), with the octoploids reported as the highest 
polyploid level determined for the genus. Chro- 
mosome counts for Cylindropuntia waltoniorum 
and Opuntia clarkiorum are reported here for the 
first time and new specimens confirming previ¬ 
ously published chromosome counts are provided 
for C alcahes var. mcgillii and C gcmderi var. 
catavinensis. 

Rebman’s 1995 dissertation represents the first 
comprehensive monograph of the chollas {Cylin- 
dropuntia) of Baja California (northwestern 
Mexican states of Baja California [BC] and Baja 
California Sur [BCS]) and adjacent Gulf and 
Pacific islands classically considered to be part of 
this region. The methods used in the biosyste- 
matic investigation of Cylindropuntia for this 
taxonomic research include: chromosome studies, 
pollen stainability, scanning electron microscopy 
(SEM) of pollen, seed surfaces, and certain 
vegetative structures, field and herbarium analy¬ 
ses of morphology, cladistics, and biogeograph- 
ical data mapping. Of the six new Cylindropuntia 
taxa described in this paper, five were recognized 
in the author’s dissertation (C waltoniorum was 
recognized as the hybrid formula “C. lindsayi X 

C. alcahes"'). Other chollas recognized as new 
taxa in the dissertation (Rebman 1995) and were 
described previous to this paper include: C 
lindsayi (Rebman) Rebman (Rebman 1997), C 
sanfelipensis (Rebman) Rebman (Rebman 1999), 
and C delgadilloana Rebman & Pinkava (Reb¬ 
man and Pinkava 2001). Continued floristic 
research in Baja California has revealed many 
other plants new to science (Rebman and Chiang 
2005; Rebman 2006; Leon de la Luz and Rebman 
2010; Guilliams et al. 2011; Simpson and Reb¬ 
man 2013) including the relatively recent discov¬ 
ery of the rare C libertadensis being described in 
this paper that was found in a very remote and 
botanically underexplored part of the central 
peninsula. The author started biosystematic study 
of the genus Opuntia sensu s trie to in Baja 
California in 1998, and O. clarkiorum represents 
the first new species described as a result of that 
ongoing taxonomic research. 

Taxonomic Treatment 

Cylindropuntia alcahes (F. A. C. Weber) F. M. 
Knuth var. gigantensis Rebman, var. nov. 
(Figs. 1, 2 map). Cylindropuntia alcahes (F. 
A. C. Weber) F. M. Knuth subsp. gigantensis 
(Rebman) U. Guzman, Cactaceae Systematics 
Initiatives: Bulletin of the International Cacta¬ 
ceae Systematics Group 16:16. 2003, nom. 
nud.—TYPE: MEXICO, Baja California Sur, 

111°58'W, 26°19'N, lava fields on the road to 
La Purisima, 24 May 1992, Rebman et cd. 1404 
(holotype: ASU 187536; isotypes: BCMEX 
5106, HCIB 3277; DES 00037111). 

Shrubs, occasionally with a definite trunk, 0.5- 
2 m tall, with open, divaricate branching. Stem 
segments cylindrical (6-)7.5-17 X 1.4-2.2 cm; 
tubercles (13-) 15-20 X 3-5 mm, 3-5 mm high. 
Areoles 3-5 X 2-3 mm. Spines with orange- 
brown bases and light yellow tips, or yellow 
throughout, aging gray, 5-9 per areole, mostly 
equal in length, 7-15 mm, central spines (1)2^, 
radial spines 4-6; sheaths with cream bases and 
yellow tips. Glochids light yellow, inconspicuous, 
1-2 mm, in apical tuft. Flowers: inner tepals 
green, yellow, to red-maroon, outer tepals usually 
with reddish apices, 17-22 X 7-10 mm; ovary 21- 
27(-36) X 9-19 mm. Fruits green to yellow, 
clavate, frequently proliferating into a chain of 
two; 26-50 X 14—26 mm; areoles 26-35. Seeds 0- 
50, spheric to slightly compressed laterally, 3.5- 
5 mm diam.. Chromosome number 2n = 22 
(based on Baker 8726a & Johnson; Baker 8744 & 
Johnson; Rebman et al. 1409; all counts originally 
published as Opuntia alccdies var. nov. “A” in 
Pinkava et al. [1998]). 

Paratypes: MEXICO, BAJA CALIFORNIA 
SUR. 20 km W of Rosarito & ca. 70 km S of 
Mulege, 8 Jan 1982, Baker 4036a (ASU); 12 mi W 
of Rte. 1 on road to San Isidro, 1 Mar 1992, 
Baker 8726a & Johnson (ASU, BCMEX, SD); 
just NE of San Miguel Comondu, 3 Mar 1992, 
Baker 8744 & Johnson (ASU); Purisima, 24 Apr 
1952, Harbison s.n. (SD); 7.9 mi W of San Javier, 
1 Apr 1961, Lindsay 3082 & Parrish (ASU); 6.4 mi 
W of San Javier, 22 May 1961, Lindsay 3149 
(SD); Canipole, 23 May 1959, Moran 7470 (SD, 
U.S.); 13 km S of San Ignacio along Rte. 1 near 
km marker 60, 17 May 1991, Rebman & Rice 
1163 (ASU, SD); near Santo Domingo along Rio 
San Javier, 23 May 1992, Rebman et al. 1400 
(ASU, BCMEX, HCIB, SD); just W of Rte. 1 
toward San Isidro, 26 May 1992, Rebman et al. 
1409, (ASU, BCMEX, HCIB, SD); N of jet. to 
Rosarito & San Jose de Comondu, along road 
between La Purisima & Rosarito, 12 Aug 1994, 
Rebman 2871 & Arias (ASU, BCMEX, HCIB, 
SD); W of Mulege, vicinity of Rancho El Tule, 27 
Apr 1998, Rebman 5183 (SD); 0.5 mi off of road 
to La Purisima on road to Los Naranjos, 27 Oct 
2001, Rebman 7794 (HCIB, SD). 

Phenology. Flowering March to May, rarely in 
August. 

Distribution and ecology. Sonoran Desert, 
mostly in the La Giganta Ranges ecoregion, but 
also at the southern edge of the Vizcaino Desert 
ecoregion and the eastern edge of the Magdalena 
Plains ecoregion; 200-500 m in elevation; endem¬ 
ic to the central part of the state of Baja 
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Fig. 1. Cylindropuntia alcahes var. gigantensis. A. Fruit {Rebman 7794, photo Rebman P03795). B. Fruit section 
{Rebman 1409, Rebman 7794). C. Seed {Rebman 1409). D. Stem segment {Rebman 1409). E. Flower {Rebman 5183). 
F. Areole spine cluster {Rebman 1409). G. Growth habit (photo Rebman P03792). Note: numbered photos are from 
digital archives on bajaflora.org. 
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Fig. 2. Map of the Baja California region showing the distribution Cylindropuntia alcahes var, gigantensis (stars), 
Cylindropuntia alcahes var. mcgilin (circles), Cylindropuntia cedrosensis (squares), and Cylindropuntia 
libertadensis (diamond). 

California Sur, especially common on volcanic 
flats and hillsides from vicinity of San Ignacio to 
La Purisima. Cylindropuntia alcahes var. gigan¬ 
tensis seems to be almost restricted to the vicinity 
of the Sierra de la Giganta region, but thus far 
has only been documented in few collections. 

This new variety is often found in desert scrub 
vegetation in association with Cylindropuntia 
cholla (F. A. C. Weber) F. M. Knuth, C ciribe 
(J. M. Coult.) F. M. Knuth, Echinocereus 
brandegeei (J. M. Coult.) K. Schum., Jatropha 
cinerea (Ortega) Mull. Arg, J. cuneata Wiggins & 
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R. C. Rollins, Larrea trident at a (DC.) Coville, 
Lophocereus schottii (Engelm.) Britton & Rose 
var. schottii, Lysiloma candidum Brandegee, Pa- 
chycereus pringlei (S. Watson) Britton & Rose, 
Prosopis palmeri S. Watson, Ruellia californica 
(Rose) 1. M. Johnst., Sebastiania bilocularis S. 
Watson, and Stenocereus thurberi (Engelm.) Buxb. 

Etymology. This new variety of Cylindropuntia 
alcahes is named with respect to its range of 
distribution, which is mainly in the Sierra de La 
Giganta on the eastern side of central BCS. 
Suggested English common name is La Giganta 
Cholla. 

Taxonomic relationships. In general habit, this 
taxon resembles Cylindropuntia spinosior (En¬ 
gelm.) F. M. Knuth and C. versicolor (Tourney) 
F. M. Knuth of Arizona with its openly arranged, 
whorled branches, but differences in fruit, flower, 
and distribution substantiate no close relation¬ 
ships to these species. Cylindropuntia alcahes var. 
gigantensis commonly has long, clavate fruits, 
which are not usually found in other varieties of 
C alcahes. 

Putative hybrids or morphological intermedi¬ 
ates in spine color and growth habit with 
Cylindropuntia alcahes var. burrageana (Britton 
& Rose) Rebman {Rebman 1664 & Davis) and C. 
alcahes var. alcahes {Baker 8710 & Johnson) have 
been documented rarely in sympatric areas. 
Cylindropuntia alcahes var. burrageana is basical¬ 
ly restricted to the Cape region of southern BCS 
and to Espiritu Santo Island adjacent to La Paz. 
However, this variety does rarely occur north¬ 
ward along the Gulf of California to the 
southeastern part of the Sierra de La Giganta 
and it is in this part of its range where 
intermediates with C alcahes var. gigantensis 
can be encountered. Cylindropuntia cdcahes var. 
alcahes has the widest distribution and is the most 
morphologically variable of all the varieties of C 
alcahes. The morphology of C. alcahes var. 
alcahes varies from tree-like entities with a single 
trunk, similar in physiognomy to C. prolifera 
(Engelm.) F. M. Knuth of northwestern BC to 
more densely spined forms that occur near Bahia 
de los Angeles, to subshrubs in BCS. However, 
the distinctive club-shaped fruits of C. alcahes 
var. gigantensis have never been observed in C. 
alcahes var. alcahes even in adjacent populations 
from the Sierra de La Giganta region. 

Cylindropuntia alcahes (F. A. C. Weber) F. M. 
Knuth var. mcgillii Rebman, var. nov. (Figs. 3, 
2 map). Cylindropuntia alcahes (F. A. C. 
Weber) F. M. Knuth subsp. mcgillii (Rebman) 
U. Guzman, Cactaceae Systematics Initiatives: 
Bulletin of the International Cactaceae Sys¬ 
tematics Group 16:16. 2003, nom. nud.— 
TYPE: MEXICO, Baja California, 115°47'W, 
30°09'N, ca. 8 mi N of El Rosario along Rte. 1, 

at km marker 42, 31 May 1991, Rebman 1219 
& Cota (holotype: ASU 186273; isotypes: 
BCMEX 5581, SD 137583). 

Trees or shrubs, with densely compact terminal 
branchlets, 0.5-2.5 m. Stem segments short, (2-) 
3.5-6(-7) X 1.5-2(-2.4) cm, heavily spined and 
almost obscuring tubercles beneath; tubercles 4— 
8(-ll) X 2^ mm, 2-A mm high. Areoles 3^ X 
2-3 mm. Spines with orange-brown bases and 
yellow tips, or light yellow throughout, aging 
dark brown to gray, 6-11 per areole, almost 
equal in length, 9-19 mm, the central spines 2-A, 
the radial spines 4-7; sheaths tan to golden- 
yellow. Glochids light yellow to tan, conspicuous, 
2-3 mm, forming a crescent over the upper one- 
third of the areole. Flower: inner tepals red- 
maroon throughout, or with greenish bases, 14- 
17 X 5-8 mm; ovary 15-21 X 13-20 mm. Fruits 
green or yellow-green, globose, 20-32 X 15- 
30 mm, frequently proliferating into chains of 2- 
3, areoles 40-52. Seeds (0-) 15-30, spheric, 2.5- 
3.5 mm diam. Chromosome number 2n = 22 
(based on Pinkava et al 11134; Pinkava et al 
11175; Rebman 941 & Marsh; Rebman 1136 & 
Rice; Rebman 1219 & Cota; all counts originally 
published as Opuntia alcahes var. nov. “B” in 
Pinkava et al. [1998], except Rebman 941 & 
Marsh which is reported here for the first time). 

Paratypes: MEXICO, BAJA CALIFORNIA, 
ca. 10 km NNE of Punta Canoas, 15 Feb 1997, 
Baker 12336 & Johnson (SD); Arroyo del 
Rosario, 5.5 mi E of El Rosario & 4.5 mi NE 
of Rte. 1, 25 May 1975, Hensel 343 & Garmon 
(ASU); 3.2 mi S of Colonia Guerrero, 14 Jul 
1962, Lindsay 3348 (SD); 5.4 mi E of new village, 
El Rosario, 16 Jul 1962, Lindsay 3354 (ASU, 
MEXU, SD); San Quintin Bay, 7 Jun 1925, 
Mason 2063 (CAS); 115°51'W, 30°53'N, 5 Jun 
1976, Moran 23490 (SD); Rte. 1, 5.2 mi N of 
Camalu, 6 Jun 1972, Pinkava et al 9029, 9030 
(ASU); Rte. 1, 11.4 mi S of the northern limits of 
Camalu, 1 Jun 1973, Pinkava et al. 11134 (ASU); 
3.4 mi N of El Rosario on Rte. 1, 3 Jun 1973, 
Pinkava et al 11175 (ASU); Rte. 1, just S of 
Vicente Guerrero, 22 May 1974, Pinkava et al 
12094 (ASU); Arroyo del Rosario, 5.5 mi E of El 
Rosario & 4.5 mi NE of Rte. 1, 24 May 1974, 
Pinkava et al 12148 (ASU); Rte. 1, ca. 23 mi S of 
El Rosario, 24 May 1974, Pinkava et al 12162c 
(ASU); ca. 3 mi S of Punta Baja & 1.5 mi inland, 
19 Mar 1991, Rebman 941 & Marsh (ASU, SD); 
17 mi E of Rte. 1 on the road to San Telmo & 5 mi 
further on the road marked “Ranches” going 
south, 13 May 1991, Rebman 1136 & Rice (ASU, 
BCMEX, SD); 7.5 mi E of Rte. 1 on road to 
Mission Santo Domingo, 30 May 1991, Rebman 
1207 & Cota (ASU, BCMEX); Hillside just E of 
Hamilton Ranch, 30 May 1991, Rebman 1209 & \ 
Cota (ASU, BCMEX); ca. 8 mi N of El Rosario 
along Rte. 1, at km marker 42, 31 May 1991, 
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Fig. 3. Cylindropuntia alcahes var. mcgiiiii A. Stem segment (Rebman 1219, photo Rebman P01794). B. Flower 

(Rebman 1219). C. Fruit {Rebman 1219, photo Rebman P01793). D. Fruit section (Rebman 1136). E. Seed (Rebman 
1136). F. Areole spine cluster (Rebman 1219). G. Growth habit (photo Rebman P01792). Note: numbered photos 

are from digital archives on bajaflora.org. 
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Rebman 1219 & Cota (ASU); 4 mi N of Lazaro 
Cardenas and 2.3 mi E of Rte. 1, 15 Apr 1993, 
Rebman 1650 & Davis (ASU); 20.3 mi S of San 
Quintin turnoff, 10 Oct 1966, Turner 66-96 & 
Hastings (ARIZ), 

Phenology. Flowering May to June. 

Distribution and ecology. Mediterranean re¬ 
gion/Sonoran Desert mostly in the Coastal 
Succulent Scrub ecoregion and in the extreme 
northwestern part of the Central Desert ecore¬ 
gion; 10-200 m elevation; endemic to the west- 
central part of the state of Baja California, 
especially common on coastal flats and hillsides 
near the Pacific Ocean from Camalu to the 
vicinity of El Rosario. This new variety is often 
found in coastal scrub vegetation in association 
with Agave shawii Engelm. subsp. shawii, Ambro¬ 
sia chenopodiifoUa (Benth.) W. W, Payne, Ba- 
hiopsis laciniata (A. Gray) E. E. Schill. & Panero, 
Bergerocactus emoryi (Englem.) Britton & Rose, 
Cylindropuntia cholla, Eriogonum fasciculatum 
Benth., Euphorbia miser a Benth., Myrtillo cactus 
cochal (Orcutt) Britton & Rose, Rosa minutifolia 
Engelm., and Stenocereus gummosus (Engelm.) 
A. C. Gibson & K, E. Horak. 

Etymology. This variety is named in honor of 
Lyle A. McGill, the botanist, for his contribu¬ 
tions to cactus research in Baja California and 
Arizona. Suggested English common name is 
McGill’s Cholla. 

Taxonomic relationships. This new variety 
grows mainly along the Pacific coast from 
Camalu to El Rosario, and occurs sympatrically 
with C. prolifer a and rarely with C. alcahes var. 
alcahes. In fact, C. alcahes var. mcgillii resembles 
C. prolifera except for shorter, finer spination, 
tubercle dimensions, fertile fruits, and smaller 
stem segments. However, stronger affinities exist 
between this variety and the C alcahes complex, 
which warrants its current classification. At least 
one specimen {Pinkava 9069) appears to be 
intermediate between C. alcahes var. mcgillii 
and C. alcahes var. alcahes, and is found in the 
sympatric region of these varieties near El 
Rosario. This intermediate specimen has a 

published chromosome count of 2n = 33 
(published as Opuntia prolifera in Pinkava et al. 
[1992], changed to Opuntia alcahes var. nov. “B” 
in Pinkava et al. [1998]), further substantiating 
this non-typical and putative hybrid individual. 
Cylindropuntia alcahes var. mcgillii is almost 
completely restricted to the Coastal Succulent 
Scrub ecoregion with only a couple of outliers 
just to the south along the immediate Pacific 
coast. This new variety grows in the agricultural 
areas near Colonet and San Quintin and has 
definitely been impacted by development in that 
region. Due to its rather restricted distribution 
and development pressures in this region, C 
alcahes var. mcgillii is becoming rarer and should 
be considered for conservation measures. 

Discussion 

The name Cylindropuntia alcahes was not listed 
in Wiggins’s (1980) floristic treatment of the 
Cactaceae for Baja California, but is one of the 
most common cholla species on the peninsula 
and is extremely well represented on the islands in 
the Gulf of California. However, Wiggins did 
recognize a few minor variants of this widespread 
species under the named synonyms Opuntia 
brevispina H. E. Gates and Opuntia echinocarpa 
Engelm. & J. M. Bigelow var. nuda J. M. Coult. 
Based upon the taxonomic monograph presented 
by Rebman (1995) of the chollas in the Baja 
California region, C. alcahes is the oldest and 
correct name for this species. This widespread 
and variable species is now recognized with four 
varieties (two described here) that share similar 
flower color variability, fleshy spineless fruits that 
frequently yellow at maturity, and spheric to 
almost pearl-like seeds. These varieties exhibit 
rather different suites of character states allowing 
them to be differentiated. Due to a high degree of 
phenotypic plasticity, especially in C alcahes var. 
alcahes, and considerable intermediacy in sym¬ 
patric populations among varieties, these taxa are 
best treated at the varietal level. This species is 
mostly endemic to the Baja California region 
with only C alcahes var. alcahes extending into 
Sonora on San Esteban Island. 

Key to the varieties of Cylindropuntia alcahes 

1. Tubercle length less than 8 mm; terminal stem segments short, 2-6(-7) cm long; glochids 
conspicuous; branches densely compact at least on younger stems; plants of Pacific coast between 
Camalu and the vicinity of El Rosario.............................. C alcahes var. mcgillU 

\'. Tubercle length longer than 8 mm; terminal stem segments long, generally greater than 7 cm long 
(except sometimes shorter for C. alcahes var. alcahes on some islands in the Gulf of California); 
glochids mostly inconspicuous; branches variously arranged, but usually more openly branched; 
plants generally found south of El Rosario. 
2. Fruits mostly long clavate, 26-50 mm in length; tubercles (13-) 15-20 mm and with stems less 

than 2.2 cm diam.; branching habit widely divaricate.............. C. alcahes var. gigantensis 
2', Fruits usually globose, 15-27 mm in length; tubercles generally less than 15 mm and with a stem 

diam. more than 2 cm; branching habit various, commonly closely arranged. 
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3, New stem growth bright golden; shrubs rather low and sprawling, mostly in the Cape region 
of Baja California Sur; spine number 12-21, with central and radial spines not readily 
distinguishable ...................................... C. alcahes var. burrageana 

3'. Younger stems yellow, reddish-brown, or dark gray, not strongly golden; trees or shrubs, 
well-distributed on the Baja California peninsula and on many islands in the Gulf of 
California, but not in the Cape region; spine number usually 2-15, with 1-6 central and 2-11 
radial spines ........................................... C. alcahes var. alcahes 

Cylindropumtia cedmsensis Rebman, sp. nov. 
(Figs. 4, 2 map).—TYPE: MEXICO, Baja 
California, Cedros Island, 115°16'W, 
28°12'N, Bahia del Sur near the fishing village 
of Wayle, 22 Mar 1994, Rebman et al 2495 
(holotype: ASU 195927; isotypes: BCMEX 
6941, SD 138739). 

Shrubs, low and sprawling, 0.5-1 m tall and 2- 
3 m across; terminal branchlets detached easily as 
propagules, therefore some populations may be 
clonal. Stem segments cylindrical, green to gray- 
green, 3.0-7.0 X 2.8-3.7 cm; tubercles salient, 
broadly oval, 17-25 X 8-10 mm, 5-8 mm high. 
Areoles cream, aging dark gray, 9-10 X 5-6 mm. 
Spines at most areoles, orange to light yellow, 
aging dark gray, 10-12 per areole, 34-44 X 1- 
1.5 mm, the central spines 3-6, the radial spines 
5-7; sheaths with light gray base and yellowish- 
orange tip, baggy, Glochids inconspicuous, 
cream to dark yellow, in apical tuft, 2-3 mm. 
Flowers: unknown. Fruits green to gray-green, 
fleshy, spiny, not proliferating, strongly com¬ 
pressed vertically making it wider than long, 17- 
24 X 30-36 mm; umbilicus 18-22 mm wide and 
10-11 mm deep; areoles 24—30. Seeds unknown. 
Chromosome number unknown. 

Paratypes: MEXICO, BAJA CALIFORNIA. 
West San Benito Island, 19 Apr 1948, Lindsay 
547 (SD); West San Benito Island, 25 Mar 1974, 
Moran 21174 (SD); West San Benito Island, 20 
Jan 1975, Philbrick B75~34 (SBBG); San Benitos 
Islands, 9 Jan 1972, Voss s.n. (SD); West San 
Benitos Islands, 13 Feb 1972, Voss 1206 (SD). 

Phenology, Flowers are not yet known for this 
species and fruits were documented on specimens 
in March 1994, appearing to remain on the 
individuals throughout much of the year. 

Distribution and ecology. Pacific Island/Viz¬ 
caino Desert ecoregions; 10-50 m elevation; 
endemic to the southwestern part of Cedros 
Island and scattered on West San Benitos Island, 
especially common on rocky and sandy washes 
and flats near the Pacific Ocean. This new species 
is found in maritime desert scrub vegetation in 
association with Agave sebastiana Greene, Atri~ 
plex bar clay ana (Benth.) D. Dietr., Cochemiea 
pondii (Greene) Walton, Deinandra streetsii (A. 
Gray) B. G. Baldwin, Errazurizia benthamii 
(Brandegee) L M. Johnst., Ferocactus chrysa- 
canthus (Orcutt) Britton & Rose, Frankenia 
paimeri S. Watson, and Malva venosa Thunb, 

Etymology. This species is named for Cedros 
Island off of the western coast of central Baja 
California from which the type specimen was 
obtained. Suggested English common name is 
Cedros Cholla. 

Taxonomic relationships. This is a distinctive 
new species, but the flowers and chromosome 
number are not yet known. Although it has a 
general appearance similar to Cylindropuntia 
proiifera, the fruits are spiny and strongly 
depressed, and thus it probably is not too closely 
related. The combination of the fruit being fleshy 
and spiny, plus strongly compressed apically 
makes it different from all other chollas in BC 
and BCS. The specimen label for Lindsay 547 
(SD) from West San Benitos Island states that 
this species is common on both West and East 
San Benito islands. Thus, it is suspected that this 
cholla also occurs on East San Benitos Island, 
although there are no verifiable herbarium 
specimens documenting it from that island. This 
taxon may have also been cited by Britton and 
Rose (1963) as "'Opuntia sp.” (listed as Opuntia 
benedicta nom. nud. in the U.S. Herbarium’s 
online database) from East San Benitos Island 
based on a cholla specimen collected on 9 March 
1911, Rose 16085 (NY, U.S.). However, this 
specimen is so small and depauperate that I 
cannot be sure if it is the same species or not. 

Further investigation is warranted to obtain 
more detailed information about C cedrosensis. 
It appears that this cholla species relies quite 
heavily on vegetative propagation to create 
populations as the stem segments dislodge very 
easily and larger individuals are typically sur¬ 
rounded by many smaller putative clones that 
have most likely arisen from fallen stem joints. 
The spines of the stems are strongly retrorsely 
barbed and easily attach to passers-by for 
dispersal. It should be noted that on West San 
Benitos Island this new species is responsible for 
killing various pelagic bird species such as 
Cassin’s Auklet and storm-petrels. According 
to ornithologist Phil Unitt (personal communi¬ 
cation, 2014) during fieldwork on this island in 
1974, he vividly remembers extracting many 
bird skeletons from the chollas there in order to 
make specimen collections and even states that 
“this cholla must be a major control on the 
numbers of burrow-nesting seabirds that use the 
island.” Although, I have visited both Cedros 
and San Benitos islands on at least two different 
occasions in March 1994 and February 2007, 
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Fig. 4. Cylindropuntia cedrosensis A. Stem segment {Rebman 2495). B. Fruit {Rebman 2495, Rebman photo 
DSCN1630). C. Fruit section {Rebman 2495). D. Areole spine cluster {Rebman 2495). E. Growth habit (photo 
Rebman PI6898). Note: numbered photos are from digital archives on bajaflora.org. 
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the flowers remain elusive and are still un¬ 
known. Furthermore, I am not aware of any 
individuals of this cactus species alive in 
cultivation at present. According to Steve Junak 
(personal communication, ca. 2005), there was 
an individual of this species planted in the Santa 
Barbara Botanic Garden and we were waiting 
for it to flower, but the Jesusita Fire in May 
2009 destroyed the plant. 

It should be noted that one other cholla species 
(Cyiindropuntia alcahes var. alcahes) is also 
known to occur on Cedros Island on the east 
side of the island. This taxon is very widespread 
in the Baja California region and differs signif¬ 
icantly from C. cedrosensis is having fruits that 
are yellow, spineless, and spheric (not compressed 
apically) at maturity. 

Cyiindropuntia ganderi (C. B. Wolf) Rebman & 
Pinkava var. catavinemis Rebman, var. nov. 
(Figs. 5, 6 map). Cyiindropuntia ganderi subsp. 
catavinensis (Rebman) U. Guzman, nom. nud., 
Cactaceae Systematics Initiatives: Bulletin of 
the International Cactaceae Systematics Group 
16:16. 2003.—TYPE: MEXICO, Baja Califor¬ 
nia, 114°46'W, 29°47'N, Rte. 1, ca. 2 mi N of 
Catavina and 3 mi S of the road to San Jose 
Faro, 23 Apr 1993, Rebman 1723 & Davis 
(holotype: ASU 190076; isotypes: BCMEX 
5854, SD 136474). 

Shrubs with multiple erect branches and strict 
to almost linear ascending growth habit, 0.8- 
1.7 m; terminal branchlets not easily detached. 
Stem segments cylindrical, green to gray-green, 
densely spiny, (8.5-)12-26 X 3-4.2 cm; tubercles 
obovate to oblong, (13-) 15-24 X 3-7 mm, 4- 
8 mm high. Areoles cream to golden-yellow, 
aging dark gray, 6-9 X 3-5 mm. Spines at all 
areoles, cream to pale yellow throughout or 
having pinkish-orange bases and cream tips, all 
aging dark gray to almost black, (15-) 18-28 per 
areole, the central spines indistinguishable from 
radial spines, (ll-)15-25(-28) X 0.7-1.0 mm; 
sheaths cream- to yellow-tipped. Glochids usually 
inconspicuous, pale yellow to pinkish-yellow, 
sometimes aging gray, only found in apical tuft. 
Flowers: inner tepals yellow, 18-27 X 11-17 mm; 
the outer tepals with light green midstripes and 
commonly red tips; filaments green, 8-12 mm, 
the anthers yellow to orange-yellow, 2,5-3 mm; 
style cream or pale yellow, 14—23 mm; stigma 
cream to yellow, the lobes 7-9, 2.5-5 mm; ovary 
25-40 X 23-27 mm, the ovules 40-100. Fruits 
gray "green to tan, dry when mature, densely 
spined to bur-like, turbinate to barrel-shaped, 19- 
25 X 17-22 mm; not proliferating; lower tuber¬ 
cles elongate, areoles 34-50. Seeds 0-35, tan, 
compressed laterally, circular in outline, 4.5-6 mm 
diam. Chromosome number 2n = 22 {Baker 8785 
& Johnson; Pinkava et al 14220; Rebman 1322 & 

Cordova; Rebman 941 & Marsh; Van Devender et 
al 9D346; all counts originally published as 
Opuntia ganderi var. nov. “A” in Pinkava et al. 
[1998], except Rebman 4986 which is reported 
here for the first time). 

Paratypes: MEXICO, BAJA CALIFORNIA, 
along road to Bahia de los Angeles, 8.2 mi E of 
its junction with Rte. 1, 9 Mar 1992, Baker 8785 
& Johnson (ASU, BCMEX); 15 km S of Punta 
Bufeo, 11 Feb 1997, Baker 12315 & Johnson 
(ASU, SD); ca. 10 km E of the junction of Rte. 1 
along the road to Bahia de los Angeles, 14 Feb 
1997, Baker 12328 & Johnson (ASU, SD); 7 km 
W of Catavina along Arroyo La Traveta, 14 Feb 
1997, Baker 12329 & Johnson (ASU, SD); Rte. 1, 
ca. 54 mi S of El Rosario, 25 May 1974, Pinkava 
et al 12169 (ASU, CAS, SD), 12170 (ASU); Rte. 
1, ca. 10 mi SE of San Agustin, 21 May 1984, 
Pinkava et al 14219 (ASU), 14220 (ASU, SD), 
14221 (ASU); ca. 15 km from junction with Rte. 
1 on the road to Bahia de los Angeles, 22 Mar 
1991, Rebman 967 & Marsh (ASU); 3 mi N of 
Catavina at km marker 170 of Rte. 1, & 0.3 mi 
W of the road, 14 May 1991, Rebman 1143 & 
Rice (ASU, BCMEX); ca. 25 mi W of Rte. 1 
near Catavina along the road to San Jose de la 
Piedra, 17 Mar 1992, Rebman 1322 & Cordova 
(ASU, BCMEX); ca. 2 mi N of Catavina & 3 mi 
5 of the road to San Jose Faro along Rte. 1, 
23 Apr 1993, Rebman 1723 & Davis (ASU, 
BCMEX); N of Santa Rosalillita along road to 
San Jose las Palomas, 5 Mar 1994, Rebman 2307 
6 Hirales (ASU, BCMEX, SD); N of Catavina, 
1.2 mi NE of km marker 166 of Rte. 1 between 
El Rosario & Catavina, 18 May 1994, Rebman 
2727, 2730 & Vincent (ASU, BCMEX, DES, 
SD); ca. 5 mi N of Catavina and 0.6 mi W of 
Hwy. 1, 1 Apr 1998, Rebman 4986 (ASU, 
BCMEX, SD); Catavina, 16 Apr 1986, Salazar 
s.n. (BCMEX); 5 mi NNW of Catavina on Rte. 
1, ca. 0.6 mi NE on a dirt road, 13 Mar 1991, 
Van Devender et al 9D346 (ASU). 

Phenology. Flowering March to May. 

Distribution and ecology. Occurs mostly in the 
central portions of the Central Desert ecoregion, 
but also known rarely from the extreme 
southern part of the Colorado Desert ecoregion 
near Bahia San Luis Gonzaga; 50-650 m; 
endemic to central and southern BC, especially 
common on sandy, decomposed granite soils 
among boulders near Catavina. This new 
variety is found in central desert vegetation in 
association with: Cyiindropuntia cholla, Cylin- 
dropuntia molesta (Brandegee) F. M. Knuth var. 
molesta, Euphorbia misera, Fouquieria columnaris 
(Kellogg) Curran, Larrea tridentata, Lophocereus 
schottii var. schottii, Pachycereus pringlei, Pachy- 
cormus discolor (Benth.) Coville, Prosopis glan- 
dulosa Torr. var. torreyana (L. D. Benson) M. 
Johnston, Stenocereus gummosus, Viscainoa 
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Fig. 5. Cylindropuntia gcmderi var. catavinensis A. Stem segment {Rebman 2727^ photos Rebman P04344, 
P()4340). B. Areole spine cluster {Rebman 2727). C. Flower {Rebman 4986). D. Fruit {Rebman 2727, photo Rebman 
P()4325). E. Fruit section (photo Rebman P04334). F. Seed {Rebman 2727). G. Growth habit (photo Rebman 
P22796). Note: numbered photos are from digital archives on bajaflora.org. 
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Fig. 6. Map of the Baja California region showing the distribution Cyiindropuntia ganderi var. catavinensis 
(diamonds), Cyiindropuntia waltoniorum (circles), and Opuntia darkiorurn (squares). 

geniculata (Kellogg) Greene var. geniculata, and 
Yucca vaiida Brandegee. 

Etymology. The name of this new variety is 
derived from the town, Catavina, in BC, where it 
grows abundantly in the large granite boulder 

fields of the vicinity. Suggested English common 
name is Catavina Cholla. 

Taxonomic relationships. Cyiindropuntia gan¬ 
deri var. catavinensis has an extremely linear, 
ascending growth habit and occurs with at least 
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two different spine color forms (cream to light 
yellow or pinkish-orange), which can be found 
together in the same population. It differs from 
Cylindropuntia ganderi var. ganderi by having a 
spinier general appearance, differently colored 
spines that blacken with age, slightly thicker 
spines in the central part of each areole, and a 
more southerly distribution. Although this vari¬ 
ety does not seem to have strong quantifiable 
characters separating it from the typical variety, 
the two varieties do look very different in the field 
and do not appear to overlap in their distribu¬ 
tions. The more widespread Cylindropuntia gan- 
deri var. ganderi is extremely variable in stem 
diameter, spination, and growth habit probably 
due to populations occurring in very different 
ecological settings from low desert to higher 
transitional habitats in the Peninsular ranges of 
southern California and northern BC. Converse¬ 
ly, C ganderi var. catavinensis has markedly 
different spine colors among different individu¬ 
als, but in general, most of the plants of this 
variety look very much the same in respect to 
growth habit, stem diameter, and spination. In 
fact, this new variety with its linear ascending 
branches, spines that are brightly colored on new 
growth and blackened on older parts, and showy, 
yellow flowers is one of the most attractive 
looking chollas in Baja California and should 
be considered for cultivation in arid landscapes/ 
xeriscapes. Cylindropuntia ganderi var. catavinen¬ 
sis seems to be restricted to decomposed granite 
substrates since all populations documented thus 
far are on this loose, almost sand-like gravel type. 

In respect to distribution, the varieties of 
Cylindropuntia ganderi do not seem to overlap. 
Cylindropuntia ganderi var, ganderi is one of the 
most common chollas in the Colorado Desert 

ecoregion of the Sonoran Desert and grows in ' 
desert, chaparral, and piny on/juniper communi- ; 
ties, on sandy flats and rocky hillsides from 200- 
1500 m in elevation. It is especially common in > 
parts of Anza-Borrego Desert State Park in San 
Diego County, California. This widespread vari¬ 
ety occurs along the Peninsular Ranges from 
southern Riverside County in California south 
along the eastern slopes of the Sierra de Juarez as 
far south as the lower northeastern slopes of the 
Sierra de San Pedro Martir. Cylindropuntia 
ganderi var. catavinensis is restricted to central 
BC and occurs from the vicinity of San Agustin I 
and Bahia San Luis Gonzaga south to near Santa j 
Rosalillita and the northern Sierra San Borja. ' 
This new variety is especially abundant and 
dominant in the large granite boulder fields just 
north of Catavina. 

I have seen unpublished floristic checklists 
from the Catavina area listing this taxon as 
Cylindropuntia acanthocarpa (Engelm. & J. M. ^ 
Bigelow) F. M. Knuth. However, this is just a 
misinterpretation because C ganderi var, catavi- . 
nensis lacks the red filaments and variable ■ 
perianth color characteristic of the Cylindropuntia 
acanthocarpa complex, and they do not seem to 
share a close evolutionary relationship. 

It should be noted that both varieties of C. 
ganderi do not readily reproduce asexually 
because the terminal stem segments are firmly : 
attached to the parent plant. Most young plants ' 
seen in the field appear to have germinated from 
seeds. The almost bur-like fruits of both varieties are ^ 
usually full of viable-looking seeds. In the Catavina ' 
area, the spiny fruits of C. ganderi var. catavinensis 
are found in abundance around packrat/woodrat 
{Neotoma sp.) middens, which are apparently put 
there as a defense against predators. 

Key to the varieties of Cylindropuntia ganderi 

1. Spines mostly yellow, aging light brown on trunks and older branches; diameter of central spines 
03-0.7 mm; stem segments appearing somewhat spiny from afar, but tubercles remain salient; 
tubercles elongate, to 32 mm long; plants of southern California and northern BC as far south as the 
northeastern foothills of the Sierra de San Pedro Martir ................ C. ganderi var. ganderi 

V. Spines cream or pinkish-orange, rarely yellowish, aging dark gray to nearly black throughout; 
diameter of central spines 0.7-1.0 mm; stem segments appearing very spiny from afar, obscuring the 
tubercles beneath; tubercles generally shorter, to 24 mm long; plants of central and southern BC 
............................................ C. ganderi var. catavinensis 

Cylindropuntia libertadensis Rebman, sp. nov. 
(Figs. 7, 2 map).—TYPE: MEXICO, Baja 
California, 113.63rW, 28.5424°N, Sierra La 
Libertad, in the vicinity of the abandoned 
Rancho El Paraiso, along the riparian area of 
Arroyo El Paraiso, 26 Apr 2009, Rebman 
17276 (holotype: SD 194634; isotypes: 
BCMEX, HCIB). 

Large shrubs with open, almost whorled 
branches, to tree-like with a definite trunk, 1.5- 
3 m; branch segments easily detached as propa- 

gules, sometimes forming sparse clonal popula¬ 
tions. Stem segments cylindrical, green to light 
green, slightly glaucous, (6..5-)ll-15 X 2.5- 
3.6 cm; tubercles salient, narrowly oval, 19-30 
X 5-8 mm, 6-9 mm high. Areoles cream, aging 
gray, 3-5 X 1.5-2 mm. Spines sparse but at most 
areoles, cream to almost white and light yellow 
tips, (0)4-6 per areole, (4-)6-13(-16) X 0,4- 
0.8 mm, the central spines 1-3, the radial spines 
usually 3; sheaths cream to light yellow, yellow- 
tipped, slightly baggy. Glochids inconspicuous on 
stems, light yellow, in apical crescent and tuft, 2- 



2015] REBMAN: NEW CACTI FROM BAJA CALIFORNIA 59 

Fig. 7. Cylindropuntia libertadensis A. Stem segment {Rebman 17276, photo Rebman P14503). B. Flower (Rebman 
17276). C. Fruit {Rebman 17276, photo Rebman P14498). D. Fruit section {Rebman 17276). E. Seed {Rebman 
17276). F. Areole spine cluster {Rebman 17276). G. Growth habit (photo Rebman P30535). Note: numbered photos 
are from digital archives on bajaflora.org. 
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3 mm, plus (0-)2-A gray bristle-like glochids 
among spines, 2-A mm. Flowers: tepals few, 
spreading to ascending, the inner tepals deep red 
to magenta, 15-21 X 6-9 mm, sometimes outer 
tepals with very light brown midstripe; filaments 
cream, but commonly pink on those closest to the 
perianth, 6-9 mm, the anthers yellow, 1.1- 
1.6 mm; style cream at base and pink apically, 
to 21 mm; stigma cream to white, the lobes 5-7, 
2-3 mm; ovary 15-22 X 13-18 mm, the locule 3- 
5 X 3^ mm and its ceiling 1-2 mm thick, the 
ovules 90-140. Fruits green to greenish yellow 
with a reddish tinge at maturity, fleshy, spineless, 
obovate to narrowly obovate, rarely proliferating 
into a chain of two, (19-)23-35 X 19-25 mm; 
areoles 24—30. Seeds 0-8, cream to tan, circular or 
slightly irregular in outline, spheric to slightly 
compressed laterally, 3.4—5 mm diam. Chromo¬ 
some number: unknown. 

Phenology. Flowering in April, 

Distribution and ecology. Central Desert ecore- 
gion of the Sonoran Desert; 650-850 m; endemic 
to southern part of the state of Baja California, 
especially common along canyons and on rocky, 
volcanic hillsides in Arroyo El Paraiso in the 
Sierra La Libertad between Villa Jesus Maria and 
Bahia de los Angeles. This new species is often 
found in desert/canyon vegetation in association 
with: Ambrosia ambrosioides (Cav.) W. W. Payne, 
Brahea armata S. Watson, Cylindropuntia cholla, 
Dodonaea viscosa Jacq., Euphorbia iomeiii V. W, 
Steinm., Lophocereus schottii var. schottii, Myr- 
tillocactus cochal, Pachycereus pringlel Prosopis 
articulata S. Watson, and Stenocereus thurberi. 

Etymology. This new species is being named 
with respect to its range of distribution, which is 
presently only in the Sierra La Libertad of the 
central part of the Baja California peninsula. 
Suggested English common name is La Libertad 
Cholla. 

Taxonomic relationships. This rare species has a 
very limited distribution and has only been seen 
within the confines of El Paraiso Canyon for a 
distance of approximately 16 kilometers in the 
Sierra La Libertad. Although lacking a wide 
distributional range, this species is quite abun¬ 
dant in this area and often dominates some of the 
vegetation adjacent to the canyon bottom. In 
general appearance, this new cholla is very similar 
to Cylindropuntia cholla and even grows in mixed 
populations with it at times. However, flower 
color (red vs. pink) along with differences in stem 
characters (longer stems and shorter tubercles of 
Cylindropuntia Ubertadensis) easily separate these 
two species. It is possible that this new taxon is of 
hybrid origin. In many morphological aspects it 
is similar to C proUfera of northwestern BC 
which has been proven by Mayer et al. (2000) to 
be a product of reticulate evolution via hybrid- 
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ization between C cholla and C. alcahes. If one I 

hypothesizes hybridization for this new species, ' 
then it is likely that C cholla is one of the ■ 
putative parents due to general morphological 
similarities. However, the other parent is still a 
mystery. One might suspect the sympatric C. 
alcahes var. alcahes (the same parental species 
involved in deriving C proUfera), but this new 
species differs significantly from C proUfera by ; 
its open growth habit, fruits yellowish and barrel- 
shaped at maturity, seeds normally present, and 
stems drying black internally. ■ 

Further investigation is warranted to obtain : 
more detailed information about Cylindropuntia 
Ubertadensis. Cytogenetic data would be nice in 
order to better understand this species’ affinities 
to other chollas. More specimen collections are 
needed to improve our understanding of this 
species distribution and range of morphological 
variation. All of the individuals seen during three 
days of floristic research in this very remote part 
of the peninsula were very morphologically ' 
consistent and no intermediate individuals be- ■ 
tween other sympatric cholla species {Cytindro- 
puntia cholla, C. alcahes var. alcahes, and C. 
lindsayi) were observed. It appears that this 
cholla species uses some vegetative propagation ■ 
forming populations as the stem segments 
dislodge easily and clonal plants were observed 
growing from both fallen stem joints and from 
fallen fleshy fruits. However, the seeds within 
most of the fruits observed in the field appear to ^ 
be fertile and it is assumed that this species also ■ 
reproduces by sexual means via seed germination. . 

Cylindropuntia waltoniomm Rebman, sp. nov. 
(Figs. 8, 6 map).—TYPE: MEXICO, Baja ■ 
California, 113°42'W, 28°4rN, Arroyo near 
Rancho San Gregorio, Sierra San Borja, 1 Apr : 

. 1960, Moran 8160 (holotype: SD 50831; isotype 
CAS). 

Shrubs, openly branched to monopodial habit, * 
only rarely long-stemmed and tree-like with a ; 
definite trunk, 0.7-1.8 m tall, the lateral branches 
sometimes detached easily. Stem segments cylin¬ 
drical, light green to gray-green, commonly ^ 
tinged with purple-brown, especially around the 
areoles, sometimes glaucous, (3-)5.5-l 1.5(-14) X i 

(0.6-)0.8-1.3(-L5) cm; tubercles usually low and 
elongate, (10-)13-19 X 2-4 mm, 1-4 mm high. ' 
Areoles cream, aging gray, 2-3 X 2-3 mm. Spines 
at most areoles, with gray bases and light orange ^ 
to yellow tips, (0-)l-3(-6) per areole, all central 
spines porrect to deflexed, wiry, (10-)17-28(-35) | 
X 0.2-0.5 mm, but occasionally 1-3 small radial 
spines also present, to 5 mm; sheaths yellow to j 
golden. Glochids sometimes conspicuous, golden- j 
brown or rust-colored, 2-3 mm, in apical tuft, I 
plus 0^ bristle-like glochids in basal part of j 
areole that are 3-5 mm. Flower (poorly known): 
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Fig. 8. Cylindropuntia waltoniorum A. Stem segment {Moran 8160). B. Areole spine cluster {Moran 8160). 
C. Fruit {Moran 8160, photo Rebman P14998). D. Fruit section {Moran 8160, Rebman 20082). E. Seed {Moran 
8160). F. Growth habit (photo Rebman P04564). Note: numbered photos are from digital archives on bajaflora.org. 
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inner tepals red; filaments green. Fruits green to 
red, fleshy, spineless or with a few scattered 
spines, obovoid to clavate, sometimes proliferous 
producing either fruits or stems, 17—25 X (12-) 
14—20 mm. Seeds 0-5, tan, compressed laterally, 
circular in outline, 3.5-5 mm diam. Chromosome 
number 2n — 44 {Baker 8718, Rebman 1162). 

Paratypes: MEXICO, BAJA CALIFORNIA. 
113°25'W, 28°07'N, at ruins of Calmalli, 6.2 mi 
N of El Arco, 8 Mar 1992, Baker 8777 & Johnson 
(ASU, BCMEX); 113°23'W, 28°04'N, 1 mi N of 
Pozo Aleman, 5 km NNE of El Arco, 8 Mar 
1992, Baker 8778 & Johnson (ASU, BCMEX); 
Las Flores, near Bahia de los Angeles, 13 Apr 
1947, Harbison s.n. (SD 41908, 41911); 113°48'W, 
28°56'N, 23 mi from Bahia de los Angeles on San 
Borjas Road, 27 Dec 1960, Lindsay & Parrish 
2978 (SD); 3.5 mi W of Santa Gertrudis, 30 Dec 
1960, Lindsay & Parrish 2989b (SD); 113°20'W, 
28°1LN, Rancho Union, 26 May 1961, Lindsay 
3160 (MEXU, SD); 113°18'W, 28°08'N, 10 mi 
NE of Pozo Aleman, in arroyo by the Barril 
Road, 3 Apr 1960, Moran 8166 (CAS, SD); 
113°59'W, 28°38'N, E of Rosarito on road to 
Mission San Borja, 25 Apr 1994, Rebman 2641 & 
Hodgson (ASU, BCMEX, DES, SD); San Beni¬ 
tos Islands, 9 Mar 1911, Rose 16085 (NY); 13.1 mi 
N of San Borja, 19 Oct 1967, Turner 67-73 & 
Hastings (CAS, SD). MEXICO, BAJA CALI¬ 
FORNIA SUR. 20 km W of Rosarito, ca. km S 
of Mulege to the SW of Cerro Concepcion, 8 Jan 
1982, Baker 4037 (ASU); 112°46'W, 27°19'N, 
just S of Rte. 1, Santa Maria Wash between 
Cerro Colorado & Cerro Guatamote, 8.3 mi 
ENE of Guamuchil & 8 mi ENE of San Ignacio, 
29 Feb 1992, Baker 8712, 8713 & Johnson (ASU, 
BCMEX); 11U53'W, 26°20'N, N of Los Morros, 
along road to San Isidro, ca. 22 mi W of Rte. 1, 
1 Mar 1992, Baker 8729 & Johnson (ASU, 
BCMEX); 112°06'W, 26°04'N, along coastal 
Flwy, 7.8 mi S of jet. with road to San Juanico, 
2 Mar 1992, Baker 8735 & Johnson (ASU, 
BCMEX); 11U43'W, 26°03'N, Mesa Grande at 
El Aviadero, 2 km E of San Jose Comondu, 4 
Mar 1992, Baker 8754 & Johnson (ASU, 
BCMEX); San Gregorio, 1889, Brandegee s.n. 
(UC); Concepcion Bay, Coyote Bay, 1 mi E of 
anchorage, 15 Jan 1961, Lindsay 3005 (SD); 
7.9 mi W of San Javier, 1 Apr 1961, Lindsay & 
Parrish 3082 (SD); 2.5 mi NW of Bahia de Los 
Muertos, 20 May 1961, Lindsay 3140 (SD); 
11U19'W, 24°56'N, 0.6 mi NW of San Luis 
Gonzaga, 21 May 1961, Lindsay 3142 (SD); 
11U19'W, 24°56'N, 0.6 mi N of San Luis 
Gonzaga, 21 May 1960, Lindsay 3147 (SD); 
6.4 mi W of San Javier, 22 May 1961, Lindsay 
3148 (SD); 110°44'W, 25°16'N, Santa Cruz 
Island, 18 Apr 1962, Lindsay 3317 (SD); 
110°47'W, 25°39'N, Catalina Island, arroyo 
bottom at W-base of main ridge, 9 Apr 1962, 
Moran 9358 (SD); 112U4'W, 26°07'N, 11 mi 

WSW of La Purisima, 13 Feb 1973, Moran 20082 
(SD); Rte. 1, ca, 35 mi E of Ciudad Constitucion, 
28 May 1974, Pinkava et al 12259 (ASU); Rte. 1, ' 
ca. 35 mi E of Ciudad Constitucion, 28 May 
1974, Pinkava et al 12260, 12261 (ASU); Rte. 1, 
ca. 10 mi W of Huatamote near Microondas . 
station, 28 May 1974, Pinkava et al 12269, 12270 
(ASU); 13 km SE of San Ignacio along Rte. 1 
near km marker 60, 17 May 1991, Rebman 1162 \ 
& Rice (ASU, BCMEX); lllGO'W, 24°33'N, j 
riparian zone between Rte. 1 and Punta Chale, 
21 May 1992, Rebman et al 1390 (ASU, DES, * 
HCIB); 11U44'W, 26°22'N, W of Rte. 1 and San ' 
Isidro, 26 May 1992, Rebman et al 1410 (ASU, 
BCMEX, DES, HCIB, SD); 112°46'W, 27°20'N, ' 
just S of San Ignacio, 27 May 1992, Rebman et al 
1412 (ASU, BCMEX, DES, HCIB); 11U08'W, , 
24°44'N, Rte. 1, S of Ciudad Constitucion and a . 
few mi NE of La Fortuna, 19 Apr 1993, Rebman 
1701 & Davis (ASU, BCMEX); E of Rte. 1, S of , 
Ciudad Constitucion and NE of La Fortuna, 19 ' 
Apr 1993, Rebman 1706 & Davis (ASU, BCMEX, j 
MEXU, SD); Santa Cruz Island, Apr 1911, Rose \ 
16845 (GH, NY); ca. 112°42'W, 27°25'N, SW of ^ 
Volcan Las Virgenes, 8.1 mi W of turn to Rancho : 
Las Virgenes, 27 Mar 1986, Sanders 6333 (ASU). i 

Phenology. Flowering in April. 

Distribution and ecology. Deserts; 50-700 m; 
southern BC to southern BCS and some adjacent 
Pacific and Gulf islands. j 

Etymology. This species is named in honor of 
John and Christy Walton for their long term ' 
support of research, conservation, and education 
on the Baja California peninsula and in the Gulf 
of California. Suggested English common name | 
is Waltons’ Cholla. 

Taxonomic relationships. This new species is a ; 
very common entity in the southern half of the 
Baja California region and appears to have j 
intermediate morphology between Cylindropuntia ! 
alcahes and C lindsayi. In fact, Rebman (1995) j 
described and referred to as “C. lindsayi X C. | 
alcahes."' It is true that hybridization is a; 
relatively common occurrence between cholla: 
species that are sympatric in at least part of their i 
distribution and that reticulate evolution has | 
created some of the diversity of chollas in ' 
northwestern Mexico, i.e., C. prolifer a (Mayer , 
et al. 2000). In Baja California, naturally ■ 
occurring putative interspecific hybrids have been 
documented from parent species including C. \ 
alcahes, C. higelovii (Engelm.) F. M. Knuth, C. j 
californica (Torr. & A. Gray) F. M. Knuth,, 
C cholla, C. ganderi, C. lindsayi, C. molesta, C. \ 
prolifera, C. ramosissima (Engelm.) F. M. Knuth,! 
and C. tesajo (Engelm.) F. M. Knuth. However, | 
most of these suspected hybrids are either rarei 
individuals or small populations with limited 
distributions. 
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Although Cylindropuntia waltoniorum might be 
of hybrid origin, it is so common in many areas 
of the peninsula that practicality deems it 
necessary to name and describe. This new species 
is mostly found within the distributional range of 
C lindsayi, but there are significant populations 
outside of the distribution of C lindsayi. Most of 
the individuals of C waltoniorum are morpho¬ 
logically more similar to C lindsayi than to C. 
aicahes and have an irregular monopodial growth 
habit and spines that are usually thin and wiry to 
thread-like. However, much variation does exist 
in this taxon and may be the result of either 
genetic diversity or, if a uothospecies, possibly 
different genome combinations and/or ploidy 
levels. Although commonly collected due to its 
wide distribution, only a few specimens have been 
encountered with floral characters. Many collec¬ 
tions have been made that are vegetative or with 
fruits, but more information on the colors and 
sizes of floral parts is needed. The fruits can be 
green or red, spineless or rarely with a few 
scattered spines, and infrequently stems are 
produced from the areoles on the fruits. Most 
individuals suggest a strong affinity to C lindsayi, 
but C. lindsayi has a smaller stem diameter (4- 
8 mm), greenish-yellow flowers, and stouter 
spines (>0.5 mm wide), which allows for easy 
differentiation of these two chollas. 

If one considers the possibility that C. walto¬ 
niorum is a hybrid between C lindsayi and C 
aicahes then it is conceivable that at least two 
varieties of C aicahes (var. aicahes and var. 
burrageana) might hybridize with C lindsayi 
when sympatric to create the observed interme¬ 
diacy found in individuals throughout its range. 
However, this most likely hybrid combination 
would be with C aicahes var. aicahes, which is 
the most common and widespread taxon of C 
aicahes in the sympatric region. Like both 
putative parental species, C waltoniorum is very 
successful at asexual reproduction via vegetative 
propagation of the stems, which allows it to 
persist and spread. Waltons’ Cholla is well- 
adapted for vegetative propagule dispersal be¬ 
cause the spines are retrorsely barbed and the 
terminal stem segments easily detach from the 
parent plant. 

This enigmatic new species occurs commonly 
within the distributional range of the putative 
parent C lindsayi, but it has also been docu¬ 
mented on Santa Catalina, Santa Cruz, and 
Cerralvo islands in the southern Gulf of Califor¬ 
nia where C lindsayi is not known to occur. 
Another factor that supports its recognition as a 
separate and described species is that the 
chromosome counts recorded thus far confirm 
that it is a tetraploid, whereas C lindsayi is a 
tetraploid and C aicahes var. aicahes is mostly a 
diploid (although a couple of rare triploid counts 
have been made). Therefore, an FI interspecific 

hybrid between these two parent species would 
presumably be a triploid taxon. 

Opuntia clarkiorum Rebman, sp. nov. (Figs. 9, 6 
map).—TYPE: MEXICO, Baja California, 
115°30A8"W, 30°02H7"N, southeast of El 
Rosario: along Highway 1, 11.4 miles north of 
the road to Los Martires, 4 Jun 1998, Rebman 
5329 & S. Villarreal (holotype: SD 143386; 
isotypes ASU 229797, BCMEX 11133). 

Shrub, with a definite trunk and profuse, 
spreading branches, 1.8-2.5 m tall and up to 4 m 
diam.. Stem segments (reproductive dadodes) 
flattened, circular, shiny, glabrous, deep to light 
green, with even and moderately dense spination, 
(14-)19-23(-25) X (12-)14-16(-19.5) cm, 27-44 
(-46) areoles per half cladode, 6-8 parastichies 
per cladode, 7-8 areoles on the central-most 
parastichy with each areole (23-)25-32(-35) mm 
apart. Areoles light gray to rust colored, aging 
gray, 4-6(-7) X 4-5(-6) mm. Spines at most 
areoles, with brown to red-brown bases and 
cream to yellow tips and with very obvious 
alternating light and dark color bands along the 
spine, (0-)3-7(-9) per areole, central and radial 
spines intergrading and difficult to separate, 
stout, terete to slightly flattened at base, (17-) 
19-27(-35) mm long, but occasionally 1-3 small 
radials at base of areole also present, 5-10 mm 
long. Glochids sometimes conspicuous, yellow to 
light brown, 3-5 mm, in apical tuft, plus scattered 
along most of the areole margin. Flower: inner 
tepals yellow aging peach; style cream to light 
pink, stigma green, filaments cream to yellow. 
Fruits deep red at maturity, fleshy, spineless (with 
only glochids present), ovoid to globular, 30-38 
X (23-)25-34 mm. Seeds many, tan or with dark 
gray center, compressed laterally, circular in 
outline, 2-4 mm diam. Chromosome number 2n 
= 66 {Rebman 5329, type). 

Paratypes: MEXICO, BAJA CALIFORNIA. 
115°2LW, 30°06'N, between El Rosario and 
Catavifia, N of Rancho Los Martires; ca. 4,6 mi 
N of Hwy 1, 11 Jun 1998, Rebman 5365 (ASU, 
BCMEX, SD); 115°17'W, 30°02'N, along High¬ 
way 1 between El Rosario and Catavifia, 3.8 miles 
S of the road to Los Martires, north of 
Guayaquil, 5 Jun 1998, Rebman 5338 (ASU, 
BCMEX, SD); 115°20'W, 30°03'N, between El 
Rosario and Catavifia, along Highway 1, just S of 
the road to Rancho Los Martires, 3 Nov 1998, 
Rebman et al 5873 (BCMEX, SD). 

Phenology, Flowering in June. 

Distribution and ecology. Sonoran Desert in the 
northwestern part of the Central Desert ecore- 
gion and rarely in the extreme southeastern part 
of the Coastal Succulent Scrub ecoregion; 270- 
580 m elevation; endemic to the northwest-central 
part of the state of Baja California, especially 
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Fig. 9. Opuntia darkiorum A. Stem segment (Rebman 5329). B. Flower (Rebman 5365). C. Fruit section (Rebman 
5329, photo Rebman P151()7). D. Fruit {Rebman 5329, Rebman 5365). E. Areole spine cluster {Rebman 5329). 
F. Seed {Rebman 5329). G. Growth habit (photo Rebman P04692). Note: numbered photos are from digital 
archives on bajaflora.org. 

common on flats and hillsides from just southeast 
of the vicinity of El Rosario south to site of 
Mision San Fernando Velicata. This new variety 
is mostly found in central desert vegetation in 

association with: Agave cerulata Trel. subsp. 
nelsonii (Trel.) Gentry, Agave shawii subsp. gold- 
maniana (Trel.) Gentry, Bahiopsis laciniata, Cy- 
lindropuntia cholla, C. molesta var. molesta, 
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Fouquieria columnar is, Larrea trident ata, Lopho- 
cereus schottii var. schottii, Pachycereus pringlei, 
Simmondsia chinensis (Link.) C. Schneider, and 
Stenocereus gummosus. 

Etymology. This species is named in honor of 
Mary and Dallas Clark for their long term 
support of natural history research in the 
southern California and Baja California regions. 
Common name: Clarks’ Prickly-pear. 

Taxonomic relationships. This new species is 
similar in general appearance to Opuntia oricola 
Philbrick and Opuntia X occidentalis Engelm. & 
J. M. Bigelow that occur in the California 
Floristic Province of coastal southern California 
and rarely in extreme northwestern BC, but this 
new species is unique from all other Opuntia 
species in the region in having obvious and 
distinctive color banding along the length of the 
spines. Although similar in general habit and 
stem morphology to O. oricola, it differs in 
having longer spines, spines arranged in the 
upper and lower parts of the stem areole, spines 
arranged in a spreading and ascending manner 
with no curved spines present, and fewer areoles 
per cladode. It is also somewhat similar to 
Opuntia X occidentalis, but differs in being a 
much larger plant with shiny round, deep green 
versus dull gray-green obovate cladodes, and has 
more spines per areole. 

This distinctive new species found primarily in 
the Sonoran Desert has a limited distribution, but 
is quite abundant in that area and can easily be 
seen along the roadside of Hwy. 1 between El 
Rosario and San Agustin. Perhaps only by 
coincidence, the distribution of this new Opuntia 
is almost identical to the range of Agave cerulata 
subsp. nelsonii, another localized endemic taxon 
in this area. 
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Appendix 1 

Key to the Species of Cylindropuntia in Baja California, Mexico 

1. Fruits dry at maturity (sometimes slow-drying in C californica, C. munzii, and C. santamarid), 
cream, tan, or gray. 
2. Stem diam. 5-13 mm; areoles deltoid to linear; spines absent to localized in zones at uppermost 

areoles of stem segments, rarely scattered throughout. 
3. Stem tubercles inconspicuous; fruits spineless, bearing only long glochids; flowers yellow to 

yellowish-green .................................................. C tesajo 
33 Stem tubercles rhomboid to diamond-shaped, conspicuous; fruits usually bur-like with 

bristle spines; flowers typically bronze to magenta ..................... C. ramosissima 
23 Stem diam. greater than 17 mm; areoles circular; spines present in most areoles, rarely absent. 

4. Inner tepals yellow-bronze to red-magenta; filaments red-magenta; style pink to red 
5. Branches compactly arranged; stems 33-42 mm diam., spines densely arranged, obscuring 

tubercles beneath; major spines 17-25 mm long, with sheaths tight-fitting ....... C wolfii 
53 Branching habit usually open and spreading; stems 22-35 mm diam., spines less closely 

arranged, tubercles visible beneath; major spines 26-44 mm long, with sheaths obviously 
baggy .................................................. C. sanfelipensis 

43 Inner tepais yellow to green; filaments green; style cream, yellow, or green, rarely pink-tinged 
6. Stem tubercles generally short, 11-18 mm long; inner tepals green to red-maroon 

7. Mostly trees taller than 1.5 m, with terminal branches drooping; major spines of 
stem segments 12-30 mm long, usually 7-12 per areole; fruits spineless, bearing only 
long glochids .............................................. C munzii 

73 Mostly low shrubs (in BC) 0.5-1.5 m tall, with terminal branches rigid; major spines 
of stem segments 30-46 mm long, usually 13-19 per areole; fruits heavily spined . . . 
........................................... C. echinocarpa 

63 Stem tubercles usually elongate, 15-30 mm long; inner tepals yellow 
8. Major branches strict and ascending; tubercles not forming ribs; lower parts of plant 

obviously darkening with age; fruits densely spiny to bur-like, drying quickly. . . . 
............................................. C ganderi 

83 Major branches erect or sprawling; adjacent tubercles sometimes confluent into 
ribs; older stem portions not conspicuously darkened; fruits moderately spiny to 
spineless, commonly slow-drying 
9. Stems erect to decumbent, 1.7-3.8 cm wide, occasionally with ribs; spines of 

stem 1-13 per areole; seeds 4-7 mm diam.; plants from BC and southern 
California. .......................................... C. californica 

93 Stems procumbent and scrambling, 3M.5 cm wide, usually with ribs; spines of 
stem 20-26 per areole; seeds 3M.5 mm diam.; known only from Magdalena 
Island, BCS ......................................... C santamaria 

13 Fruits fleshy at maturity, green, yellow (sometimes red- to purple-tinged), or red. 
10. Fruits wider than long, strongly compressed apically, umbilicus deep (10-11 mm); insular 

species endemic to Cedros and San Benitos Islands ........................ C cedrosensis 
103Fruits shape as long as or longer than wide, clavate, barrel-like, globose, or cylindric; umbilicus 

usually shallow (<8 mm deep); plants insular and/or peninsular but not restricted to Cedros and 
San Benitos Islands. 
11. Terminal mature stem segments narrow, usually 4-13 mm wide, mostly alternate; major 

spines 0-3(-6) per areole. 
12. Growth habit monopodial; terminal stem width 4-8 mm; major spines stout (>0.5 mm 

diam.); flowers greenish-yellow; fruits red at maturity, with scattered spines . . . C Undsayi 
123Growth habit pseudomonopodial to open; terminal stem width 8-13(-15) mm; major 

spines thin and wiry (0.2-0.5 mm diam.); flowers reddish; fruits generally green to yellow 
or rarely red at maturity, spineless or with a few scattered spines........ C waltoniorum 

IF.Terminal mature stem segments thicker, usually 15-55 mm wide; commonly whorled, 
subwhorled, or sometimes alternate; major spines generally 5-21 per areole. 
13. Filaments red to magenta; fruits spiny, at least with a few scattered spines 

14. Shrubs erect, ascending; terminal branchlets not easily detached from parent plant; 
longest central spine (15-)22-29(-35) mm long; seeds usually compressed laterally, 
3-5 mm diam, ......................................... .C. caimaiiiana 

143Trees or shrubs, variously spreading; terminal branchlets easily detached as 
propagules; longest central spine usually 34-48(-56) mm long; seeds irregularly 
spheric, 4-7(-8) mm diam.................................... C. molesta 

133Filaments white, green, or pink; fruits spineless, but commonly bearing deciduous glochids 
15. Stem tubercles angular, obdeltoid, closely arranged; spines of lower branches 

browning conspicuously; fruits strongly tuberculate, yellow, not proliferating 
16, Plants usually trees with a definite trunk; stem segments very spiny, obscuring 

the tubercles; spines usually 7-11 per areole; tubercles of fruit low, to 3 mm 
high. ................................................ C. bigelovii 
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16'.Plants generally shrubs with multiple trunks; stem segments less spiny, exposing 
the tubercles beneath; spines usually 3-5 per areole; tubercles of fruit prominent, 
to 5 mm high ..... C. cirihe 

15'.Stem tubercles rounded, set close or far apart; spines gray or black on older 
branches, not obviously browning; fruits usually smooth, rarely low-tuberculate, 
green or yellow, commonly proliferating 
17. Stem tubercles not prominent, except in C. prolifera; stems usually drying tan to 

gray internally. 
18. Tubercles broadly oval; spines generally 14—28(-37) mm long; flowers red to 

magenta; fruits green, usually sterile and proliferating; ......... .C. prolifera 
18'.Tubercles elongate-obovoid to narrowly oval; spines 4-20 mm long; Flowers 

yellow, green, or red-magenta; fruits green or yellow, usually with 5-50 
seeds, occasionally proliferating (especially in C. alcahes vars. mcgillu and 
gigantensis);  .. C. alcahes 

17'.Stem tubercles very prominent; stems usually drying black internally. 
19. Inner tepals red-magenta (plants restricted to Sierra de La Libertad, BC), 

styles cream at base and pink apically ... C. libertadensis. 
19'.Inner tepals, styles pink. 

20. Fruits globose, commonly proliferating into short, erect chains of 2-5 
fruits; stem spines stout (0.5-1.1 mm thick); seeds 1.7-2.7 mm diam. . . 
....C. cholla 

20'.Fruits clavate to obovoid, usually forming long, pendant chains; stem 
spines thinner and more flexible (0.2-0.5 mm thick); seeds 2.4-3.5 mm 
diam.C. fulgida 
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Abstract 

Imbribryum torenii J.R. Spence & Shevock is described and illustrated. This species appears related 
to /. alpinum (Hudson ex Withering) N. Pedersen and /. muehlenbeckii (Bruch & Schimper) N. 
Pedersen. Imbribryum torenii is readily distinguished from these two species by a combination of 
characters including broadly ovate leaves, short excurrent costa, hexagonal distal laminal cells, 
cylindric capsule, and large spores. 

Key Words: Bryum, Imbribryum, mosses, California, Oregon, Washington, British Columbia. 

The largest concentration of Bryaceae in North 
America resides in California (Spence 2014; 
Norris and Shevock 2004). The combination of 
its complex geology, Mediterranean climate of 
wet winters and dry summers, as well as its 
elevational range from coastal scrub to alpine 
fell-fields, all contribute to the high diversity of 
this family in the state. The genus Bryum s.l. with 
nearly 500 recognized species (Crosby et al. 2000) 
is extremely diverse in growth form, leaf mor¬ 
phology, and with various types of gemmae and 
tubers. For some time it was suspected that 
Bryum Hedwig, as traditionally circumscribed, 
was polyphyletic (Cox and Hedderson 2003). 
Several genera have been proposed to address 
this issue. Molecular data is providing additional 
insight in conjunction with morphological char¬ 
acteristics generally used in the circumscription of 
taxa. Within Bryum s.l. is a group of mosses with 
rather rigid equally foliate stems generally 
occurring in seasonally wet habitats over rock. 
The genus Imbribryum N. Pedersen was proposed 
by Pedersen (2005) to accommodate this suite of 
taxa. Western North America currently has six 
described species of Imbribryum, all of which 
occur in California. Here we describe a new 
species of Imbribryum from the region. 

Taxonomic Treatment 

Imbribryum torenii J.R. Spence & Shevock, sp. 
nov. (Fig. 1).—TYPE: USA, California, Mon¬ 
terey Co., Fort Hunter Liggett Military Res¬ 
ervation, along Gabilan Road at bridge 
crossing Nacimiento River, southern end of 
the Palisades, T24S, R7E, section 15, 
35°5F05"N, 121°1F51"W, 1100 ft, 10 Apr 

2004, Shevock, Keilman, Robertson & Eliassen 
24830 (holotype: CAS; isotypes MO, NY). 

Related to /. alpinum and /. muehlenbeckii. 
Plants medium-sized; stems 0.5-3 cm, evenly 
foliate, not julaceous; leaves red or with red tints, 
imbricate, broadly ovate, somewhat concave, not 
decurrent; costa strong, percurrent to mostly short 
excurrent in short stout awn; laminal cells thin to 
firai walled, distal cells hexagonal, 3-5:1, proximal 
cells short rectangular to quadrate, 1-2:1, limbi- 
dium absent; capsule elongate cylindric; peristome 
perfect; operculum strongly convex, short rostrate; 
spores yellow-brown, mostly 16-20 pm. 

Plants medium-sized, in open to dense turfs, 
dark red to red-green, rarely entirely green, 
sometimes becoming black-red with age. Stems 
0.5-2(-3) cm, evenly foliate, not julaceous, 
lacking metallic sheen, older portions of stem 
sometimes densely radiculose. Leaves 1.5-3 mm, 
red to red green or sometimes green, strongly 
imbricate when dry, erect when wet, rigid, 
broadly ovate, concave, not or weakly decurrent; 
apex broadly acute; margins strongly revolute, 
often to near apex, margins smooth to finely 
serrulate distally, limbidium absent; costa strong, 
reddish, percurrent to mostly short-excurrent as a 
stout awn; distal and mid-laminal cells hexagonal 
(40-) 50-65 X (10-) 12-20 pm, mostly 3^:1, thin 
to firm-walled but not incrassate, parallel to 
costa, proximal laminal cells abruptly quadrate 
to short-rectangular, 1-2 (-3):1, occasionally a 
single row of colored cells present across leaf 
base. Specialized asexual reproduction of red to 
red“brown spherical rhizoidal tubers on rhizoids 
arising from leaf axils, 100-300 pm, scarce. 
Dioicous. Gametangial leaves similar to vegetative 
leaves but smaller. Seta 1-3 cm, stout, more or 



2015] SPENCE AND SHEVOCK: IMBRIBRYUM TORENII SP. NOV. 69 

Fig. 1. Imbribryum torenii. 1. Habit, moist. 2. Habit, dry. 3-5. Leaves. 6. Apical leaf cells. 7. Median marginal leaf 
cells. 8. Median laminal cells. 9. Basal leaf cells. 10. Capsule, moist. 11. Capsule, dry. Scale bars: A: 2 mm, figs. 1, 2, 
10, 11; B: 0.5 mm, figs. 3-5; C: 50 pm, figs. 6-9. 

less straight, red or red-brown. Capsule 3-^ mm, membrane pale, free, V2 or more height of 
cylindric, short-necked, inclined to nutant, red- exostome, processes well developed, slender, 
brown; exothecial cells irregularly rectangular, perforations ovate, cilia well developed, 2-3, 
40-70 X 20-30 um, walls red, incrassate, 2-3 appendiculate; operculum strongly convex, 
rows of shorter strongly reddish cells below short-rostrate. Spores yellow-brown, distinctly 
mouth; exostome teeth yellow-brown, endostome papillose, variable in size, (14) 16-20 (22) pm. 
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Paratypes: CANADA, BRITISH COLUM¬ 
BIA. Vancouver, Queen Elizabeth Park near 
Quay Gardens, 19 Apr 2007, Joy a s.n. (CAS, 
UBC) and University of British Columbia 
campus, 28 Mar 2011, Joya 1263 (CAS, UBC), 
Reginald Hill, Salt Spring Island, 16 Apr 2001, 
Sadler 768 (UBC). USA, CALIFORNIA. Butte 
Co.: south side of Thermalito Diversion Pool, 
base of Oroville Dam, 82 m, 4 Mar 2014, 
Janeway 11212 (CAS, CHSC). Contra Costa 
Co.: west of Vasco Road, about 4.5 miles west 
of Bryon and 1 mile north of Alameda county 
line, Vasco Caves Preserve, East Bay Regional 
Parks, 750-1000 ft, 19 Mar 1997, Shevock, 
O’Brien & Jessup 14998 (CAS); 15014a (CAS, 
NY). Fresno Co.: Glen Meadow Creek toward 
Dinkey Lakes, Sierra National Forest, 6300 ft, 27 
Jul 1996, Bourell & Shevock 6448 (CAS); Ross 
Landing, Sierra National Forest, 4350 ft, 7 
Jun 1996, Shevock, Enter & York 13470 (CAS); 
Cedarbrook Picnic Area near Pinehurst, Sequoia 
National Forest, 4250 ft, 24 May 1998, Shevock 
17132 (CAS). Lake Co.: High Valley north of 
Clear Lake, 1750 ft, 11 Feb 2002, Toren & 
Bearing 8958 (CAS); Manning Creek, 1450 ft, 12 
Apr 2007, Toren & Bearing 9579 (CAS); Jerusa¬ 
lem Grade Road, 1200 ft, 11 Feb 2013, Toren & 
Bearing 9987 (CAS); east tributary to South Fork 
of Scotts Creek, 0.5 mi south of confluence of 
main stem of Scotts Creek, 1500 ft, 12 May 2014, 
Toren & Bearing 10176 (CAS). Madera Co.: San 
Joaquin River near Rainbow Falls, Devils Post¬ 
pile National Monument, 7400 ft, 25 Sep 2001, 
Shevock & Bulen 21283 (CAS, MO); Beasore 
Road just east of Portuguese Creek, southwestern 
slope of the Balls, Sierra National Forest, 7300 ft, 
8 Jul 2000, Shevock & Kellman 19860 (CAS). 
Mariposa Co.: El Portal-Foresta Road near the 
Stanislaus National Forest and Yosemite Na¬ 
tional Park boundary, 735 m, 1 May 2009, 
Hutten 14490 (CAS). Monterey Co.: above the 
South Fork of Devils Canyon, Ventura Wilder¬ 
ness, Los Padres National Forest, 540 m, 25 Feb 
2006, Kellman & Shevock 5028 (CAS), Wagon 
Caves, Los Padres National Forest, 1490 ft, 22 
Mar 2004, Shevock et al 24714 (CAS, MO), 
Horse Pasture Trail, Ventana Wilderness, Los 
Padres National Forest, 1140 ft, 4 Mar 2012, 
Shevock & Kellman 39627 (CAS, MO). Napa Co.: 
Mayacmas Mountains, Kimball Canyon near 
Red Hill, Robert Louis Stevenson State Park, 
1940 ft, 14 Mar 2014, Shevock, Burge & Penneys 
44643 (CAS, NY). San Benito Co.: Balconies 
Trail near Ranger Station, Pinnacles National 
Monument, 1350 ft, 12 Feb 2005, Shevock & 
Hurley 26281 (CAS). Sonoma Co.: road above 
Devils Kitchen, Pepperwood Ranch 6 mi east of 
Santa Rosa, 25 Jun 1982, Bourell 1786 (CAS). 
Tulare Co.: Cherry Hill Road at Brush Creek, 
Kern Plateau, Sequoia National Forest, 5700 ft, 
24 May 1997, Shevock 15558 (CAS, NY). USA, 

OREGON. Wheeler Co.: highway 26 north of 
Butte Creek Pass above Service Creek, 2215 ft, 
23 Mar 2008, Shevock & Kellman 31610 (CAS). 
USA, WASHINGTON. Klickitat Co.: north side 
of hwy 142 just east of town of Klickitat along 
the Columbia River, 1 Aug 2012, 469 ft, 2012, 
Toren & Harpel 9941a, Harpel & Toren 50846 
(CAS, UBC). 

Taxonomic Relationships 

All the other species of North American 
Imbrihryum occur within the range of /. torenii. 
Three species typically lack any reddish tints 
to the leaves, 1. gemmiparum (De Notaris) J.R. 
Spence, /. microchaeton (Hampe) J.R. Spence, 
and I. mildeanum (Juratzka) J.R. Spence. How¬ 
ever, the four red-colored species can also 
produce green leaves. These leaves tend to be 
new growth of the current year, and generally 
they turn reddish as the habitat dries out. 

Two species, /. alpinum (Hudson ex Withering) 
N. Pedersen and /. microchaeton, have narrowly 
ovate more or less flat leaves, excurrent costa, 
acute to acuminate leaf apices, and extremely 
long distal laminal cells that are thick-walled and 
somewhat vermicular, distinguishing them from 
all other species. 

Among the remaining five species. I. torenii 
appears to be closest to /. muehlenbeckii (Bruch & 
Schimper) N. Pedersen. The two differ in several 
features, and with rare exceptions can readily be 
distinguished. The leaves of /. muehlenbeckii are 
strongly concave, with mostly obtuse apices and a 
percurrent costa, giving the stems a distinctly 
julaceous look. When placed on a slide and 
covered with a cover slip, most leaves split apart 
due to their concavity. Imbribryum torenii leaves 
are less concave, acute, with most leaves having a 
strong short-excurrent costa into a stout short 
awn, and the stems are not julaceous. On a slide, 
the leaves typically do not split apart. The leaf 
base of /. torenii has a relatively broad insertion 
on the stem, while that of /. muehlenbeckii is 
relatively much more narrow. In size, /. torenii is 
typically a more robust species with much 
broader leaves. In addition, the margins are very 
strongly revolute to mostly > 'A the leaf length, 
while in /. muehlenbeckii they are only weakly 
revolute proximally. The capsule of I. torenii is 
slender and cylindric, while that of /. muehlen¬ 
beckii is short pyrifomi. The spores are different 
in size, with those of /. torenii generally from 16 
up to 20-22 pm, while those of /. muehlenbeckii 
are typically 10-14 pm. 

Of the other species, Imbribryum miniatum 
(Lesquereux) J.R. Spence is highly distinctive 
with its strongly concave leaves with cucullate 
apices, julaceous stems, elongate incrassate distal 
laminal cells that are often oblique (20-30° away) 
to the costa, and presence of one or more rows of 
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distinctly colored and somewhat enlarged cells 
across the leaf base. Imbribryum gemmiparum is 
a bright green to yellow-green species lacking 
any red tints, has obtuse leaf apices with thin 
walled laminal cells, and is generally found in 
more or less permanently wet calcareous sites 
such as springs. Imbribryum mildeanum is 
a fairly robust species that generally has a 
distinctive yellow-gold color, although rarely 
some collections have a faint metallic reddish 

tint to older leaves. The leaves are more or less 
flat, elongate and narrowly ovate to ovate- 
lanceolate. 

In addition, I. torenii may possibly be confused 
with forms of Ptychostomum pseudotriquetrum 
(Hedwig) J.R. Spence & H.P. Ramsay because of 
a superficial resemblance and the two can occur 
sympatrically. However, the latter species has a 
stronger leaf border, longer basal leaf cells, 
decurrent leaf bases and lacks rhizoidal tubers. 

Key to Pacific Slope Imbribryum 

1. Leaves rigid and strongly imbricate when dry; distal laminal cells long, incrassate and vermicular, 
>6:1 length/width 
2. Plants dark green to red, often shiny, costa percurrent to short-excurrent; limbidium absent; 

proximal laminal cells gradually wider proximally, short-rectangular to quadrate; capsule 
pyriform with short neck... 1. Imbribryum alpinum 

2. Plants pale green, somewhat dull, costa short to moderately long-excurrent into a slender awn; 
weak to moderately strong limbidium present; proximal laminal cells abruptly enlarged, 
somewhat bulging, rectangular; capsule cylindric to narrowly pyriform, with distinct, long 
neck ....... 3. Imbribryum microchaeton 

1. Leaves rigid to somewhat loosely imbricate; distal lamina cells shorter, not vermicular, mostly 3- 
5:1, thin walled to incrassate 
3. Stems strongly julaceous; leaves red or purple, rarely green, strongly concave, apices rounded- 

obtuse to broadly acute, cucullate; costa percurrent; distal lamina cells incrassate, oblique to 
costa, proximal laminal cells enlarged in 1-2 rows across leaf base.5. Imbribryum miniatum 

3. Stems not or weakly julaceous; leaves red to green or yellow, concave to flat, apices obtuse, 
acute, or acuminate, not cucullate; costa not reaching apex to excurrent; distal lamina cells thin 
to somewhat firm-walled, parallel to costa, cells at leaf base not inflated or enlarged.4 
4. Plants yellow, golden, or green, generally lacking reddish tints, older leaves becoming 

stramineus with age; leaves flat or weakly concave, slender ovate to ovate-lanceolate, apices 
acute to acuminate; costa short-excurrent in slender, sometimes denticulate awn.. . 
......4. Imbribryum mildeanum 

4. Plants green, yellow-green or red, older leaves not becoming stramineus, although 
sometimes becoming dark brown with age, leaves distinctly concave, ovate, apices broadly 
acute or obtuse; costa not reaching apex, percurrent, or short-excurrent in stout point.5 
5. Leaves green to yellow-green, lacking red tints, loosely set, somewhat distant proximally 

along stem, leaf apex rounded-acute to obtuse, costa not reaching apex or percurrent, 
small apiculus sometimes present, found in wet calcareous habitats. 
..... . 2. Imbribryum gemmiparum 

5. Leaves red or red-green, red tints usually present, rigid and imbricate, crowded; leaf 
apex rounded-acute, obtuse to acute, costa not reaching apex, percurrent or short- 
excurrent in stout point, apiculus absent; found in seasonally wet habitats, often acidic . . 6 
6. Plants somewhat julaceous; costa not reaching apex, rarely percurrent, leaf apex 

rounded-acute to obtuse, leaves strongly concave, narrowly ovate, leaf base at 
insertion narrow, margins revolute proximally; capsule pyriform; acidophile or on 
highly mineralized igneous or metamorphic rock. ...... 6. Imbribryum muehlenbeckii 

6. Plants not julaceous; costa percurrent to mostly short-excurrent in stout point, leaf 
apex acute, leaves somewhat concave, broadly ovate, leaf base at insertion broad, 
margins strongly revolute more than V2 distance to leaf apex; capsules cylindric; 
found in a variety of substrates, not restricted to acidic rock ... .7. Imbribryum torenii 

Habitat and Ecology 

Most species of Imbribryum including /. torenii 
are found on seasonally wet rocks, seepage areas 
on slopes, stream banks, rivulets, and intermittent 
drainages. Although /. alpinum and /. muehlen¬ 
beckii have strong preferences for moderately to 
strongly acidic rock especially influenced from 
snowmelt, L torenii is more of a generalist, and is 
found on a wide variety of rocks varying from 
calcareous to moderately acidic. The species is 

found predominantly at low to middle elevations 
(sea level to ca. 7000 ft), in open sites. Imbribryum 
alpinum has a similar distribution, but is much 
rarer, while /. muehlenbeckii is a rare species 
mostly found at higher elevations in the Sierra 
Nevada and Cascade Ranges. 

Distribution 

Among the predominantly red-colored species 
of Imbribryum west of the Sierra Nevada-Cascade 
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crests, /. miniatum and L torenii are the two most 
common species, which can occur sympatrically. 
Like other primarily Californian endemics, the 
species does not appear to extend inland into the 
drier Intermountain Region or deserts. Based on 
known occurrences /. torenii appears most 
common in California, and as disjunct popula¬ 
tions northward through Oregon, Washington, 
and coastal British Columbia. Imbribryum torenii 
is fairly common in the Gulf islands of the British 
Columbia Puget Sound region and is likely to 
also occur in the San Juan Islands of Washington 
State, in areas of disjunct Mediterranean climate 
that harbors other bryophyte species from 
California. 

Conservation Implications 

The species is fairly common within its range, 
especially in California, and occurs in a wide 
variety of habitats. Thus the species appears to be 
currently secure. However, future climate change 
that includes increasing temperatures and drier 
conditions may impact the species as seasonally 
wet habitats are diminished. 
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NOTEWORTHY COLLECTIONS 

CALIFORNIA 

Gracilariopsis chorda (Holmes) Ohmi 1958:24 
(GRACILARIACEAE). - San Luis Obispo Co., 
attached to small pebbles buried in sandy mud in the 
lower intertidal on a sandspit in Morro Bay, 
35°2r48.il"N, 120°5r25.50"W, sterile, 1 July 2013, /. 
K Hughey sm. (UC 1965346, UC 1965347). 

Previous knowledge. Gracilariopsis chorda (Holmes) 
Ohmi is a large, terete, marine red alga that is native to 
Japan, China, and Korea (Holmes 1896; Kim et al. 
2008). It was recently introduced to Brittany, France 
and Elkhorn Slough, California (Mineur et al. 2012; 
Hughey 2013). 

Significance. Second report of G. chorda in Califor¬ 
nia. The specimens of G. chorda collected from Morro 
Bay are similar in habit to those from Elkhom Slough 
and Asia. Analysis of 1368 bp of the rbcG gene of G. 
chorda from Morro Bay resulted in a DNA sequence 
(GenBank KJ814247) that was identical to G. chorda 
from Elkhorn Slough, Asia (China, Japan, South 
Korea), and Brittany, France (Mineur et al. 2012). 
The two populations from California are assignable to 
haplogroup R2, the largest of the five haplogroups 
previously identified for G. chorda by Kim et al. (2010). 

Pterosiphonia tanakae Uwai and Masuda 1999: 
241 (RHODOMELACEAE). - Monterey Co., attached 
to a small 5 X 12 meter concrete boat launch ramp in 
the lower intertidal at Kirby Park, Elkhom Slough, 
36°50'23.53"N, 12r44'37"W, tetrasporic, 12 May 2012, 
J. R Hughey s.n. (UC 1965348). 

Previous knowledge. Pterosiphonia tanakae is a 
delicate, alternate-distichously branched marine red 
alga described from Motoujina, Hiroshima Prefecture, 
in the Inland Sea of Japan (Uwai and Masuda 1999). It 
was recently reported as introduced from France 
(Boudouresque and Verlaque 2002; Verlaque 2001). It 
differs in structure from other Pterosiphonia by having 
7-10 periaxial cells, weakly developed cortical cells, 
branching up to five orders, and an abundance of 
trichoblasts. 

Significance. First report of P. tanakae from the 
northeastern Pacific. The thalli of P. tanakae collected 
from Elkhom slough are dark red, 2-3 cm high, and 
similar in habit (fan-shaped appearance) and anatomy 
to three topotype specimens from Motoujina (UC 
1965349, UC 1965350, UC 1965351). This alga differs 
from other California species of Pterosiphonia in the 
number of periaxial cells, with the exception of P. 
dendroidea (Montagne) Falkenberg, which has 2-3 
orders of branching. Analysis of the rbcG gene of P. 
tanakae from Elkhom Slough yielded a 672 base pairs 
(bp) DNA sequence (GenBank KJ814249) that differed 
by only one nucleotide from two identical sequences 
of P. tanakae from Motoujina, Japan (GenBank 
KJ814248, KJ814250). In contrast, P. tanakae from 
Elkhom Slough differed by 13 bp from the native species 
P. dendroidea. Survey of the locality in May of 2013 and 
2014 failed to yield additional P. tanakae. Due to its 
small size and similar appearance to other Pterosiphonia, 
P. tanakae likely occurs elsewhere as a cryptic species in 
California and the northeastern Pacific. 

Invasive species, those that have a negative ecological 
or economic impact, share traits that facilitate their 
introduction and expansion (Nyberg and Wallentinus 
2005). Based on thirteen subcategories of dispersal, 
establishment, and ecological impact, Nyberg and 
Wallentinus (2005) compared the rankings of invasive 
with non-invasive species, and found the former to score 
higher. Accurate ranking requires extensive laboratory 
and field investigations, and are beyond the scope of this 
work. However, based on an analysis of Gracilaria 
vermiculophylla (Ohmi) Papenfuss, Nyberg (2007) found 
this species to rank the highest among introduced red 
algae. Since Gracilariopsis chorda shares many siibcat- 
egory traits with G. vermiculophylla, an introduced plant 
that grows alongside G. chorda in Elkhom Slough, 
California, we predict that G. chorda will also rank high 
compared to other macrophytes. At this time we are 
unable to judge the invasive potential of P. tanakae. 

—Jeffery R. Hughey*, Department of Science and 
Engineering, Hartnell College, Salmas, California 93901, 
^jhughey@hartnelLedu; and Shinya Uwai^, Department 
of Environmental Science, Faculty of Science, Niigata 
University, Ikarashi-2, Nishiku, Niigata 950-2181, Japan, 
Ywai@env.sc.niigata-u.ac.jp. 
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NEVADA 

Ceanothus X BAKERI Greene ex McMinn (RHAM- 
NACEAE).—Municipality of Carson City, 39.165333°N, 
119.932332°W, 50 m S of Marlette Creek, approxri 
mately 50 m E of where creek enters shore of Lake 
Tahoe at Chimney Beach, 1 km W of highway 28, 
accessed by trail #18E27, elev. 1883 m, 17 Jul 2013, 
Jeff Bisbee 701 (DAV). Growing in an open, Jeffrey 
pine {Pinus jeffreyi Grev. & Balf.) forest with Pinus 
lambertiana Dough, Abies concolor (Gordon & Glend.) 
LindL, Calocedrus decurrem (Torr.) Florin, Ceanothus 
prostratus Benth., Ceanothus velutinus Dough, Arcto- 
staphylos patula Greene, Chrysolepis sempervirens (Kel¬ 
logg) Hjelmq., and Purshia tridentata (Pursh) D.C. var. 
tridentata. 

Previous knowledge. Ceanothus X bakeri v/as origi¬ 
nally collected in 1902 in King's Canyon [Kings 
Canyon], Ormsby County (now part of the municipality 
of Carson City), Nevada (type: C F. Baker 950, 
UC79817 [http://ucjeps.berkeley.edu/cgi-bm/nev/_detaih 
pl?accn_num=UC79817]). The elevation of the plants 
was said to range from 1700-2000 m, likely indicating the 
presence of more than a few plants. The taxon has not 
been collected or reported since the original collection. 
Recently, several field trips were made to Kings Canyon, 
on the eastern side of the Carson Range [part of the 
Sierra Nevada], to try to relocate these plants. However, 
these attempts were without success. The above collec¬ 
tion was obtained on a separate foray, at least eight km 
west of Kings Canyon, at the western base of the Carson 
Range near the east shore of Lake Tahoe. 

Significance. Although Greene apparently considered 
the specimen collected by C. F. Baker to be a distinct 
species and determined it as '"Ceanothus Bakeri Greene 
n. sp.,” he never published the name. McMinn (1942, 
p. 276) published Greene’s name, calling the plant a 
probable hybrid between “C prostratus var. laxus and 
C greggii var. vestitus or possibly C cuneatus'h This 
collection has been puzzling, since two of the three 
species mentioned as possible parents are not present in 
the area. The nearest collection of C greggii A. Gray 
var. vestitus (Greene) McMinn (now a synonym of C 
pauciflorus DC. [Burge and Zhukovsky 2013]) is 80 km 
to the southeast, (16 Jun 16 1982, Lavin 4134 
[NY 1001817]) in West Walker Canyon, 32 km N of 
Bridgeport in Mono Co., California. Ceanothus cunea- 
tus (Hook.) Nutt, has not been collected in the Lake 
Tahoe Basin; the nearest plants occur on the west slope 
of the Sierra Nevada, generally below 1200 m elevation, 
growing in the foothill and lower yellow pine forest 
communities. Ceanothus prostratus Benth. var. laxus 
Jeps., on the other hand, is common on the east shore of 
Lake Tahoe. 

The approximately 20 plants found near Chimney 
Beach, which cover an area of 10 m X 10.5 m, are very 
consistent in characters and closely match the descrip¬ 
tion of C. X bakeri, having “[bjranchlets with glabrous 
whitish bark. Leaves opposite and evergreen; the blades 
oblanceolate, ‘A-inch to about 1 inch long, the margins 
entire or finely toothed near the apex. Flowers white, in 
small umbel-like clusters. Fruit not known.” (McMinn 
1942, p. 276). Searches in the area have not yet led to 
the discovery of additional plants. The habit is 
decumbent and spreading, forming dense mats, ranging 
from approximately 10 to 60 cm tall. This contrasts 
with the prostrate habit of C prostratus, which has 
leaves with toothed margins and lavender flowers. The 
leaves are nearly identical in size and shape to those of 
Baker’s collection, being similar also to those of C 
cuneatus, with the exception of the few weakly defined 
teeth. However, its low, spreading habit contrasts with 
the erect habit of both C cuneatus and C pauciflorus. 
The latter also differs from C. X bakeri having leaves 
that are dull green, cupped, and densely puberulent, 
while those of C X bakeri are bright green, flat 
surfaced, and glabrous. Ceanothus arcuatus McMinn, 
which occurs in wetter areas, mainly within the red fir 
forest community west of the Sierra crest, has much 
smaller, elliptic, gray-green leaves, and pale lavender 
flowers. It is not known to occur on the east side of 
Lake Tahoe. At the original discovery of C X bakeri, 
fruit were not observed. The plants at Chimney Beach 
have fruit that are green with thick, stubby, erect horns 
at the apex, that are somewhat wrinkled, Ceanothus 
pauciflorus have fruit without horns, or with small 
horns near the middle, usually spreading. Ceanothus 
arcuatus have small, smooth fruit that are brown or 
reddish in color with very slender horns that are 
somewhat spreading to erect. Low growing forms of 
C. cuneatus do occur in some areas of the Klamath 
Mountains and northern Sierra Nevada, however, these 
are restricted to ultramafic soils. The habit of the plants 
found at Chimney Beach resemble hybrids between C. 
cuneatus and C. prostratus which occur in areas where 
their ranges occasionally overlap, however, these 
hybrids are variable in habit and leaf characters and 
usually have lavender-tinged flowers. The flowers of C. 
X bakeri were in full bloom during the last week of May 
2014, and all plants had flowers that were pure white, 
including the pedicels. Since C prostratus is the only 
species of Ceanothus subgenus Cerastes present in this 
region, it is difficult to explain these plants as probable 
hybrids. An alternate explanation is that they represent 
a species in their own right. 

—Jeffrey R. Bisbee, 1189 Townhouse Circle, Apt. D, 
Gardnerville, NV 89410. bispanal(^gmail.com. 
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